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PREFACE
 
This report describes a multi-state project developed and coordinated
 
by the Federation of Rocky Mountain States. The project developed and
 
tested methods for combining earth resources satellite (LANDSAT) data
 
with other multi-source data via computer mapping techniques for use in
 
natural resources and land use planning in the Western States.
 
The project was carried out by mutually defined procedures in six states --
Montana, wyoming, Colorado, New Mexico, Utah, and Arizona. Colorado State 
University and Los Alamos Scientific Laboratory provided technical assistance. 
Two interstate areas of 5,000 square miles each and two intrastate areas of 
3,000 square each were delineated for all subsequent LANDSAT and high altitude 
remote sensing during the project. Four 7.5-minute quadrangles were selected 
withing these large areas as test sites. LANDSAT computer-compatible tape 
classification mapping for 1.1 acre cells was conducted with multiple date 
imagery. Land use and cover categories were selected by the states, ranging 
from 19 categories in one state to 81 in another. 
In order to place the LANDSAT application within the context of a regional
 
data bank, various non-LANDSAT maps were collected on complementary topics.
 
These were all converted into the 1.1 acre grid system and computer composited
 
with the LANDSAT maps for deriving and displaying the complex patterns in­
volved in determining feasibility for surface mining or urban development, etc;
 
A key purpose was to demonstrate the appropriate mix of ALNDSAT utilization,
 
data banking and compositing relevant to regional planning.
 
The approach was designed for large areas of interspersed federal, state,
 
and private lands, with dynamic interrelationships in mineral, water, agri­
cultural and recreational land uses. This approach raised numerous administra­
tive questions, such as standardization of the ground truth data analysis,
 
standardization of land use categories/subcategories, and systematic central
 
processing of LANDSAT tapes.
 
For this project, state governments designated state lead agencies to
 
coordinate work among other state agencies. Through the lead agencies, state
 
participation and understanding of LANDSAT use and regional data banking
 
progressed toward more centralized operations in most participating states.
 
Although this was a relatively brief and modest project in this large and
 
dynamic region, it developed several innovative procedures wothy of continu­
ation: (1) a new LANDSAT Mapping System (IMS) for LANDSAT digital interpre­
tations; (2) use of cellular mapping and compositing for combining the LANDSAT
 
maps with other forms of data; (3) training new groups in each state; (4)
 
defining the need for a ground truth manual; and (5) the need for fixed, repeti­
tive ground truth sites for continual LANDSAT use.
 
This project marks the beginning of state, interstate, and federal collabora­
tion in these techniques which should now be converted into more extensive opera­
tional systems to meet the characteristic problems of energy, agriculture,
 
settlement, and water utilization in the West.
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ABSTRACT
 
The preparation of land use maps from LANDSAT images was undertaken
 
for the states of Arizona, Colorado, Montana, New Mexico, Utah and Wyoming.
 
Colorado State Universtiy (CSU) was subcontracted to process the LANDSAT
 
data for each of the states. Agencies from each of the states were under
 
subcontract to define land use and vegetation categories within specified
 
test areas. These state agencies were also responsible for selection of
 
training data and for verifying the accuracy of the thematic maps. Geo­
metrically corrected and scaled data were used to map land use and vegetation
 
categories for three 7 1/2' quadrangles in each of the states. Multidate,
 
registered files of three or four LANDSAT images formed a 12 to 16 variable
 
data set which was used in a maximum likelihood classification algorithm.
 
CSU modified its pattern recognition computer software to achieve greater
 
efficiency, to adapt to multidate processing and to improve the processing
 
of training data, during category signature development. This resulted in
 
the development of the LANDSAT Mapping System (LMS). LMS is a very flexible
 
software system which could be of value to many agencies. Before it can be
 
exported from CSU, however, itmust be fully documented. Hopefully this
 
may be accomplished under-a future project.
 
Several basic problems were encountered which reduced the quality and
 
accuracy of the maps. 1) Insufficient consideration was given to the re­
quirements imposed by the assumption of normally distributed radiance values
 
(for a given class). Thus, we attempted to use such classes as airport,
 
conercial, and mobile homes, none of which could be expected to form viable
 
classes, 2) Instructions provided by CSU were not adequate to train state
 
agency personnel to establish classification schemes and to select good
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training sites. Hence, the training data di'd not well define some of the
 
classes selected. A Training Sfte Manual is needed, 3) The need for
 
spatial distribution of training data (stratification) or subdivision of
 
classes to account for soil, climate and vegetation changes was not given
 
adequate recognition. This is especially important for multidate classi­
fications. Thus, some class signatures represented only specific fields or
 
small regions around the training sites. 4) A more interactive mode of
 
operation is needed to rapidly assess class characteristics and to optimize
 
classification schemes and signature development,
 
Overriding all of the above problems was the effect of an overly am­
bitious project for the time and funds available. We did not have time or
 
money to permit a second interaction through the training site selection and
 
data analysis process, except for one quadrangle in Wyoming (Buffalo).
 
Nevertheless, much was learned, the discrimination capability of multidate,
 
multispectral data was found to be excellent, and LANDSAT was shown to be a
 
potentially useful tool for mapping land use and vegetation cover in the
 
western United States.
 
The most significant results from this project include the following:
 
1) Adequate registration of multidate images was achieved for quad sized
 
areas without the use of ground control points for developing coordinate
 
transformations. 2)Multidate data was shown to be capable of discriminating
 
between Level 4 type classes such as range conditions, different species
 
mixes, etc. These classes tended to be site specific, however. 3) When
 
adequate training data were used, classification accuracies of 85-95% were
 
achieved for Level 1 classes, 75-90% for Level 2, and 60-80% for Level 3.
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1.0 INTRODUCTION
 
This report from Colorado State University (CSU) will describe the
 
efforts undertaken to develop a computer software system for efficient
 
and effective processing of LANDSAT data. We will also report on the
 
specific efforts to process LANDSAT data for each of the-six states
 
participating in this project. Our general approach was to utilize
 
training areas mapped by the states as category models in a computerized
 
pattern recognition process which resulted in regional thematic maps
 
for each state. CSU's responsibility on this project included the
 
development of the LANDSAT Mapping System (LMS), the processing of
 
LANDSAT data for each state and preparation of land use-vegetation cover
 
maps for each state. CSU was not responsible for the use of the maps
 
for land use decision projects, or for the verification of their accuracy.
 
This introduction will provide some information on the background
 
for this project, CSU capability going into the project, the manner in
 
which the project was managed, and an overview of methodologies in terms
 
of the various sections of the report.
 
1.1 Project Genesis
 
The project was initiated through the joint efforts of the Federation
 
of Rocky Mountain States and Colorado State University. At the time the
 
original proposal was written, January, 1973, there was a growing recognition
 
of the urgent need for land use planning in the Rocky Mountain States. The
 
potential development of oil shale and coal deposits in these states high­
lighted the urgency for a better understanding of land capabilities. The
 
Federation of Rocky Mountain States was in an excellent position to coordinate
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a multistate effort to investigate the use of LANDSAT images to provide Some
 
of this needed information. Colorado State University had a demonstrated
 
capability to process LANDSAT data for this application.
 
1.2 	 CSU Background
 
CSU initiated their development of a remote sensing capability in 1969.
 
In 1970 a software system (RECOG) was developed for processing multispectral
 
scanner data. This pattern recognition system was designed after the LARSYS
 
system previously developed at Purdue. By the time this project began,
 
April, 1975, CSU experience in the analysis of multispectral scanner data
 
included the following:
 
* 	Analysis of 12 channel aircraft scanner
 
data for rangeland monitoring.
 
* 	Analysis of LANDSAT data for rangeland
 
monitoring - 2 projects.
 
-	 * Analysis of LANDSAT data for forest 
vegetation mapping - 3 projects. 
* 	Analysis of LANDSAT data for agricultural
 
crop mapping.
 
* 	Analysis of LANDSAT data for monitoring
 
land use changes in forested areas - 2
 
projects.
 
* 	Development of advanced data processing
 
methods for up to 24 channel data.
 
* 	Spatial analysis of multispectral images
 
using Fourier transforms.
 
Several of these projects had suggested the yalue of multidate (temporal)
 
processing of LANDSAT data. This led to the decision to employ such
 
processing for this project.
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1.3 Project Management
 
The CSU subcontract was managed under the direction of co-principle
 
investigators, Dr. L.D. Miller and Dr. E.L. Maxwell. Dr. Miller had
 
primary responsibility for development of the LANDSAT Mapping System and
 
Dr. Maxwell had primary responsibility for the processing of the LANDSAT
 
data and preparation of classification maps. Other CSU staff who were
 
active during the lifetime of the project included a computer programmer 
and three graduate research assistants. Each of the graduate research
 
assistants was given responsibility for the processing of LANDSAT data
 
for one or more of the six states participating in this project.
 
A number of problems developed during the project which should be
 
mentioned here, such that others might avoid them. Communications with the
 
personnel in each of the states was generally inadequate. This was
 
caused by 1) some attempts to communicate via FRMS which failed because
 
of the presence of an intermediary, not due to any faculty of FRMS,
 
2) changing personnel in some states which made it difficult to know
 
who to call and 3) reticence on the part of CSU personnel to discuss
 
technical problems on the phone, coupled with inadequate time and
 
funds for travel to and from the states. CSU accepts the responsibility
 
for the lack of communications and its detrimental effect on the
 
project.
 
1.4 Project Methodologies and Report Organization
 
Once the states' regions and categories of concern had been identified,
 
CSU's first task was to locate satellite imagery of appropriate location
 
and seasonality; all these efforts are described in Section 2. Training
 
areas were then selected to represent the categories for each state;
 
Section 3 describes CSU's instructions to the states regarding training
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designation, and gives a report on each state's training data compilation.
 
Section 4 details the LANDSAT Mapping System. This is a package of
 
computer programs which CSU developed during the project in order 1)
 
to prepare the satellite data for efficient processing, 2) to analyze the
 
training data provided by the states, and to optimize the separability of
 
selected categories and 3) to produce thematic regional maps of the
 
selected categories based upon the optimized training sets.
 
Data preparations for each state prior to the training set analysis
 
are discussed in Section 5. Section 6 deals with general goals in.
 
training model development. Section 7 discusses problems incurred during
 
the generation of regional thematic maps based on the models; detailed
 
analyses of these results are given by the states in their own reports.
 
Section 8 contains a discussion of the methods and problems of accuracy
 
-verification. The report is concluded by our summary and recommendations
 
in Section 9.
 
Several appendices have been added to the report to provide supplementary
 
and detailed information which will be of interest to some readers. Ap­
pendix A is a copy of the instructions given to the states for training site
 
selection. Some problems encountered on this project indicate that a much
 
more comprehensive training site manual is needed. Appendix B provides out­
lines for several manuals needed for the effective use of LMS, and includes
 
ap outline for a training site manual. Preparation of these manuals should
 
be undertaken on future projects. Appendix C is extracted from Colorado's
 
report on this project. It describes procedures and results for accuracy
 
verification in Colorado. Finally, Appendix D contains a detailed description
 
of the analysis of training data for three of the six states. This is a very
 
informative appendix as it shows the problems involved in the development of
 
signatures for supervised classification.
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2.0 	 SELECTION OF AREAS, CATEGORIES AND IMAGES
 
2.1 	 Selection of Target Areas
 
The initial proposal for this project called for the classification of
 
50 x 100 mile areas (spanning the 3 comon borders of the participating 
states). Although the reduction infunding and change intechnical emphasis 
for the project precluded the processing of such large regions, the 50 x 100 
mile regions initially selected were retained, with one exception. The
 
first of these areas extends from Santa Fe, New Mexico into the San Luis
 
Valley in Colorado. The second area spans the border between Wyoming and
 
Montana inthe coal development areas of these two states. The third
 
initially spanned the border between Utah and Idaho extending north from
 
Salt Lake City into Idaho. Ultimately, Idaho dropped out of the project,
 
was replaced by Arizona, and a fourth site was added in the Phoenix, Arizona
 
region. The Utah- Idaho area, of course, was condensed into just the Utah
 
area. The maps shown in Figure 2.1 locate each of the areas actually used
 
on the project.
 
The ultimate limitation of funds, combined with the decision to
 
emphasize development of a detailed mapping capability versus mapping of
 
a large area with more limited classifications, dictated the selection of
 
four 7.5 minute quadrangles from these areas for the actual land use
 
classification effort. The specific quadrangles selected ineach state
 
are described later in this report.
 
2.2 	 Selection of Categories
 
A great deal of confusion exists relative to the capability of
 
remote sensing data to map land use categories. There is also a general
 
lack of agreement on the kind of land use categories needed for the land
 
use planner and state and local decision makers. It is not surprising,
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FIGURE 2.1a Target Locations
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FIGURE 2.1b
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FIGURE 2.1c
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therefore, that several systems of categories were considered at various
 
times on this project, and that the categories used ineach of the six
 
states was somewhat different.
 
Inthe proposal for this project, itwas recommended that some sort
 
of modification of the Anderson System (Anderson, 1972) for land use
 
classification should be applied. Table 2.1 shows a modified Anderson
 
land use classification system. Upon examination of this table itbecomes
 
obvious that this system is designed more for the use of a photointerpreter,
 
using color or color IR imagery, than for computer analysis of multispectral
 
scanner (MSS) data. The primary problem with the Anderson System revolves
 
around the difference between land "cover" classifications and land "activity"
 
classifications.
 
Computerized analysis of multispectral scanner data is dependent upon
 
significant differences in the spectral reflectance characteristics of the
 
categories to be classified. Basically this means that computer analysis
 
of LANDSAT MSS data is to all intents and purposes limited to the detection
 
of land cover differences. A cemetary, a city park, an irrigated pasture
 
and a golf course may all be essentially identical, relative to the existence
 
of land covered by lush grassland and trees. The activities associated
 
with these land uses are significantly different and are important to the
 
land use manager. A photointerpreter will probably have little difficulty,
 
with large scale imagery, in telling the difference between the park, the
 
cemetary, the golf course and the irrigated pasture. Computer analysis of
 
MSS data, on the other hand, will very likely confuse these areas because
 
of the similarity in cover types.
 
The initial meeting for this project was held April 8 and 9, 1975
 
in Denver. At this meeting the problems with the Anderson System were
 
discussed, and a new selection of Level 2 land use categories was prepared.
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TABLE 2.1 Modified Anderson System
 
I0 Urban-(over-50% buiit-up) 

2.0 	Scattered Urban (under 50% 

built up) 

3.0 Agricultural 

4.0 Rangeland 

5.0 Forest land 

6.0 Barelands 

7.0 Mineral and Energy production 

8.0 Major Transportation 

9.0 Water 

-1.1 

1.2 

1.3 

1.4 

1.5 

2.1 

2.2 

2.3 

2.4 

2.5 

3.1 

3.2 

3.3 

3.4 

4.1 

4.2 

5.1 

5.2 

5.3 

6.1 

6.2 

6.3 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 

8.1 

8.2 

8.3 

9.1 

9.2 

Residential and service
 
Major commercial
 
Manufacturing, warehousing

Major Institutional
 
Major park, recreation
 
Residential and service
 
Major commercial
 
Manufacturing, warehousing
 
Major Institutional
 
Major park, recreation
 
Cropland, pasture (irrigated)
 
Cropland, pasture (dryland)
 
Orchards, horticulture
 
Feedlots
 
Grass predominant
 
Desert-scrub
 
Deciduous
 
Evergreen

Mixed
 
Exposed saline
 
Rock and sand
 
Year-round snowfields
 
Open pit and strip mining
 
Tailings
 
Underground mine mouths
 
Oil, gas fields
 
Oil, gas, chemical storage
 
Electric plants, corridors
 
Roads, RR tracks
 
RR yards, terminals
 
Airports
 
Streams and waterways
 
Lakes, reservoirs
 
2-6
 
Table 2.2 lists the categories selected at the April 9 meeting.
 
Table 2.2 The original Land use categories selected for this project
 
Residential Brush lands 
Industrial-commercial Marsh lands 
Deciduous Forest' Snow Fields, 
Evergreen Forest Bare lands 
Salt Flats 
Mixed Forest Bare Soil 
Bare rock 
Grassland-Irrigated Sand areas 
Grassland-Nonirrigated Water deep 
Cropland-Irrigated Water shallow 
Crepland-Nonirrigated Unclassified 
The subdivision of Barelands into four sub-categories was meant as
 
an illustration of the potential subdivision of all of the Level 2 classes
 
selected at that meeting. Inother words, the representatives of each
 
of the states were informed that crop lands, for instance, could be
 
subdivided into specific crop types for consideration on this project.
 
Itwas our desire to test the absolute limits of the LANDSAT Mapping System.
 
Itwas our wish, therefore, that each of the states provide training data
 
on as many subcategories as possible.
 
We should also note that itwas and isour belief that subdivisions
 
of land use or vegetation categories should be used whenever a significant
 
difference inreflectance characteristics exist. Inother words, if there
 
are significant differences in the spectral characteristics in individual
 
crop types, then they should not be grouped into a single broad category
 
for establishing a classification signature. Such broad categories are
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very likely to overlap other categories and result in worse classification
 
accuracies than might be obtained for individual subcategories. This is
 
discussed further in Section 6.1 of this report.
 
Suffice it to say at this point that some of the states provided
 
many subdivisions of the original categories given in Table 2.2, which
 
ultimately pushed the capability of the system beyond its current limits.
 
Other states kept primarily to the list developed on April 9 and did not
 
make any attempt to establish subcategories. Naturally this resulted in
 
considerable difference in the ultimate results obtained for each of the
 
states.
 
2.3 	 Selection of LANDSAT Images
 
2.3.1 Image Availability
 
Over 200 pages of computer listings of LANDSAT coverage over FRMS
 
target areas were cataloged according to date, quality, and cloud cover.
 
Calendars were then made of all possible coverages. There were up to eight
 
different "image positions" which yielded data of interest in a given state.
 
Each of the orbital groupings of these image positions had a calendar for
 
each of the three years in question (1972-1974). On these calendars we
 
plotted all the high quality, less cloudy images, coding each to maintain
 
0, <10, <20, and <30% cloud distinction, as well as 0, 2, 5 or 8 quality
 
ratings for each band. (Fig. 2.2)
 
2.3.2 	 Ordering Criteria
 
A decision was made to limit a given seasonal set of images to one
 
calendar year, in order to maximize the consistency of land use patterns
 
from one season to the next. The calendar year 1974 offered the best
 
choice of seasonal options inalmost all cases. 1974 was also the closest
 
full year choice to they timing of field selection of training areas in
 
the 	summer and fall of 1975.
 
2-8
 
FIGURE 2.2 Typical Coverage Calendar 
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On this basis, primary coverage selections were made for each of the
 
six areas. Neither of the two common strips inWyoming-Montana and New
 
Mexico-Colorado could be covered by a single image on any date. It should
 
be noted that the coverages for Montana and Wyoming, as well as for Colorado
 
and New Mexico, were interdependent; all of one state's quads plus one
 
of the other's were typically on one image, while the rest of the other
 
state's quads were contained within an additional image. Since training
 
data from one quad were extended to use in classifying other quads in'the
 
same state, the dates of these two images had to be either the same or
 
within 18 days of each other. Thus cloudy coverage had to be minimized
 
over not 4 but 8 quads for a given season, and cloud problems were
 
encountered where they might have been avoided if the states' areas were
 
more geographically distinct.
 
All primary alternatives were studied using film cassette browse files
 
at CSU and USGS in Denver. While the quality of the film files and/or
 
viewing equipment was frequently so marginal as to prevent total insurance
 
against unfortunate cloud locations, the search gave us invaluable definition
 
of potential imagery, and satisfied the objective that our final choices
 
were optimal. We do recommend that an upgrading of browse file display
 
equipment be achieved, and that a print capability be available at cost
 
to the users of the regional browse files.
 
2.3.3 Imagery Obtained
 
For each of the following LANDSAT scenes, computer compatible tapes and
 
1/500,000 scale positive prints of MSS bands 5 and 7 were obtained.
 
* for spring coverage in Colorado and New Mexico we were forced to 
separate dates in order to minimize cloUds. Unfortunately, the
 
two images did not completely overlap, and the Questa, N.M. quad­
rangle had its northeast corner missing.
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TABLE 2.3 Summary of LANDSAT Imagery Obtained
 
STATE OAT[ LOCATION* QUALITY (4 BAND) CLOUD % QUADS EFFECTED 
ARIZ 2/17/74 39,37 8888 0 
ARIZ 5/15/74 39,37 8888 0 Paradise Valley, Tempe 
ARIZ 8/31/74 39,37 8888 10 (Fowler) Granite Reef 
ARIZ 11/21/74 39,37 5888 0 LDam 
COLO-NM 5/30/74 36,34 8888 0 
COLO 7/05/74 36,34 8888 10 Fox Creek, Zapata Ranch 
COLO-NM 11/26/74 36,34 5885 0 
NM 5/12/74 36,35 8888 10 
NM 7/05/74 36,35 8888 10 Santa Fe, Questa 
NM 11/26/74 36,35 8888 0 
UTAH 6/22/74 41,31 8888 0 
UTAH 8/15/74 41,31 8888 0 
. UTAH 10/08/74 41,31 8888 10 
UTAH 6/22/74 41,32 8888 0 
UTAH 8/15/74 41,32 8888 0 
UTAH 10/08/74 41,32 8888 30 
WYO-MONT 6/01/74 38,29 8888 10 fDecker, Hunter Mesa, 
WYO-MONT 7/25/74 38,29 8888 10 North-Ridge 
WYO-MONT 9/17/74 38,29 8888 0 
WYO-MONT 10/10/74 38,29 5858 10 Decker 
MONT 6/01/74 38,28 8888 20 
MONT 7/25/74 38,28 8888 0 
MONT 9/17/74 38,28 8888 0 
MONT 10/10/74 38,38 8888 0 
* path, row in BEST COVERAGE reference grid of U.S. 
3.0 TRAINING SITE SELECTION
 
The selection of training data from which signatures for each of the
 
land use categories are obtained is the most important part of any
 
computer analysis of remote sensing data. The final classification maps
 
will of course, reflect the characteristics of the trainingdata used in
 
signature development. Ifthe training data used for establishing a
 
signature for a ponderosa pine ecosystem is representative of a particular
 
stand of ponderosa pine, with a specific canopy cover density and a
 
specific understory characteristic, then the final classification maps
 
will show very good results for this specific ponderosa pine type, but
 
may not produce good results for other variations of ponderosa pine.
 
On the other hand, if the training sites for ponderosa pinewere to be
 
carelessly selected, such that they actually included other vegetation
 
types, then a considerable confusion between these cover types could be
 
expected. These problems of training site selection were magnified
 
beyond their normal importance for this project, since multidate as well
 
as multispectral imagery were used for classification. In other words,
 
.when imagery from several dates are combined to form signatures for a class,
 
there is a tendency for the training data to represent only those
 
specific fields or locations, and to not be representative of a general
 
cover type.
 
In retrospect, it is apparent that the selection of training data
 
was the weakest point of this project because of the extra critical
 
requirements of multidate data, and because the training site selection
 
task was neither standardized nor carefully coordinated with CSU analysis
 
efforts. The personnel in each of the six states had very different
 
backgrounds and interests, ranging from people with very little experience
 
in remote sensing to individuals with a great deal of understanding and
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competence. Under these conditions, the instructions given to the states
 
and communications with the states were really not adequate to insure the
 
best results.
 
3.1 Instruction given states
 
On May 9, 1975 the Remote Sensor, a publication prepared for this
 
project, included instructions for training site selection which had been
 
prepared by CSU. These instructi6ns are given, verbatum, inAppendix A.
 
In addition to the written instructions provided in the Remote
 
Sensor, several opportunities were taken to provide oral instruction to
 
the personnel inseveral of the states. The first of these opportunities
 
occurred at the initial project meeting on April 8 and 9, 1975. At this
 
meeting several examples of training data were presented to the people
 
in attendance, and a general discussion of the importance of training
 
data took place. Further instructions were provided during the summer,
 
1975, when CSU and FRMS personnel visited the states of New Mexico, Utah
 
and Wyoming, to discuss various aspects of the project including training
 
site selection. During that same period of time, Arizona sent a represent­
ative to CSU, at which time a discussion of training site selection took
 
place. The only state which did not receive such individual instruction
 
was Montana. Since the training site selection for Colorado was actually
 
undertaken by CSU personnel, their experience on other projects was used
 
to direct these activities.
 
It is apparent that the instructions provided the states was an
 
important factor inobtaining usable training data. It'is also apparent
 
that these instructions, frequent and extensive as they were in most cases,
 
were less than adequate and could not take the place of first hand
 
experience with this kind of a problem. More thorough instructions are
 
needed, perhaps inthe form of a training site selection manual for
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future projects. Even with such instructions, the use of experienced
 
personnel will always be needed to insure the best results.
 
3.2 Training Data received from States
 
In the following sections a description and evaluation of each state's
 
training data will be provided. Since each state has different land use
 
concerns, and different lead agency personnel responsible for those
 
concerns, there was considerable variation in the emphasis, consistency,
 
accuracy, and quantity of data provided. Accordingly, we have avoided
 
standardizing our impressions of the states' inputs, and have sought to
 
provide constructive conments upon which future efforts can be improved.
 
There are several general concerns which are covered for each state:
 
the physical form of their training data, the degree to which each state
 
used training fields outside of the four target quadrangles, and the
 
consistency and feasibility of the classes designated, both in terms of
 
the closed set of classes, and in terms of their definition by training
 
fields. The latter discussion is confined to an overview.
 
3.2.1 Arizona
 
The training data received from Arizona was accurate, clearly presented,
 
and very comprehensive in its coverage. Eighty-one separate classes were
 
defined by two hundred forty-five training fields, and referenced by a
 
highly detailed, six-digit classification code. The training fields
 
were spread across thirteen quadrangles, reducing the occurrence of
 
training fields inthe target quads, and leaving some target areas relatively
 
clean of classification accuracy bias. Maps were uncluttered, as they
 
contained only field boundaries, class codes, and reference numbers for
 
field notes. The field notes themselves consisted of'five volumes of
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standard forms with each field identified by reference number, and described
 
by appropriate visible characteristics, such as species composition,
 
planting geometry, landscaping characteristics, and roofing materials.
 
Arizona had knowledge of the chosen coverage dates prior to the training
 
data field program; this proved useful-, since determination of probable
 
conditions of each field for each date (e.g. in a crop rotation situation)
 
insured the compatibility of the chosen class universe with multidate
 
processing.
 
Orthophotos of each of the-thirteen quads which contained training
 
fields were sent to CSU. This was helpfulin the analysis of class
 
separabilities., since the orthophotos could be used as a substitute for
 
first hand knowledge of the area. For instance, when assessing similarities
 
of certain classes, their appearance on the orthophotos could be compared.
 
This kind of photographic, detailed information on training fields is
 
particularly important when the data collectors and data processors are
 
not at the same location. Arizona was fortunate to have such orthophoto
 
coverage.
 
There were several levels of classification inherent in the undiffer­
entiated training set. Unfortunately, these levels were not designated on
 
a hierarchical basis, nor was any other preference of ultimate classification
 
configuration identified. This made more difficult those decisions of
 
combining or eliminating classes whose separability was unsatisfactory.
 
For example, there were 17 residential classes and 9 desert shrub classes
 
originally, and since their spectral signatures were not unique, combination
 
and/or elimination of classes was necessary. Arizona gave no guidance
 
upon which to base these decisions. Therefore, modifications oF class­
ification structure were based primarily on statistical tendencies.
 
In conclusion, it is virtually impossible to optimize state applications
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without a detailed listing of those closed systems of categories which
 
the user could tolerate as operational standards.
 
Other problems encountered inusing Arizona training data stenmed
 
from the lack of sufficient cellular samples in several classes, and the
 
use of activity classes which were not related closely to land cover
 
characteristics.
 
The Arizona personnel were attempting to cover every contingency in
 
order to test the satellite system to its utmost, and to affect the most
 
thorough inventory possible by these means. The eighty-one classes
 
exceeded the classification capability of multidate-MSS satellite data.
 
Arizona thereby succeeded in identifying LANDSAT limits for their chosen
 
.applications, and will be able to plan effectively for the future use of
 
LANDSAT products.
 
3.2.2 Colorado
 
CSU personnel collected the Colorado training data themselves, and
 
thus avoided many problems resulting from the absence of first-hand
 
familiarity with the training data during the data analysis stage.
 
Training maps inColorado were annotated with field boundaries and
 
corresponding reference numbers. The field notes were sequenced by
 
reference number, and served as a record for such details as species
 
composition with estimated percent coverage, soil characteristics, slope­
aspect, understory associations, estimation of exposed rock, prominence
 
of weed infestation, etc. Fields were generally of the 25-40 acre size,
 
and were relatively homogenous, so that such descriptions could be applied
 
to the entire area without internal contradiction.
 
The choice of classes was made after examination of the training
 
areas on satellite graymaps of the three dates to be processed. The final
 
category choce consisted of 45 classes on 161 fields, all of which were within
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the 	boundaries of the four target quads.
 
Our 	initial classification structure was derived empirically: any
 
cover type of substantial areal extent was included at its most detailed
 
level. These "maximum detail" classes populated our original structure
 
as equal entities, even though some levels were of greater detail than
 
others.
 
Problems with Colorado training data paralleled some of those found
 
in other states. The few urban/activity classes did suffer from a lack
 
of visual c6ver characterization. One class was eliminated due to
 
-insufficient sample size. Several classes had training data from only
 
one 	field, and this tended to overdefine the class character so that the
 
training model represented site characteristics rather than broad class
 
tendencies.
 
Colorado training data did yield a satisfactory set of classes with
 
less 	modification than any other state's. This is due partially to the
 
one-training field problem, partially to the manner inwhich we made our
 
class choice, partially to the care taken in finding class training fields
 
on all appropriate slopes and aspects, and partially to the fact that
 
the 	target region was one of relative simplicity of cover type.
 
3.2.2 	 New Mexico
 
New Mexico provided CSU with maps showing boundaries of all training
 
fields, coded by reference numbers connecting those fields with a list of
 
descriptions. Thirty-five original classes were defined in terms of 48
 
fields, all of which fell within the four target quadrangles. Some
 
transects were studied by BLM within certain training fields. Their
 
positions were plotted on the maps, and later in the project we obtained
 
the standard BLM data for the transects to help us decide how best to
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restructure the classification. Aside from these transects, CSU did
 
not receive adequate descriptive information about the training fields.
 
Their descriptions in the list were inconsistent indetail and emphasis,
 
so that little comparison could be made between classes. Species composition
 
insome cases was well documented, but inother cases was dealt with by
 
listing of species, yielding no indication of relative dominence or
 
homogeneity of coverage.
 
Very poor, poor, poor-fair, fair, good, and excellent condition sag4­
range classes were provided. Their field notes were not structured
 
such that phenological differences were consistently apparent. Five types
 
of pinyon-juniper stands were more effectively described but, similar
 
to the problem in Arizona, itwas not clear how to lump them or separate
 
them- Collectively they were excellent data for definition of a general
 
pinyon-juniper class, since models of varying species composition, slope­
aspect, crown closure, and understory associations were well-blended in
 
a relatively smooth gradient of variation. However, we maintained each
 
as a separate class because their differences were so precisely emphasized.
 
Compounding this problem of similar classes was a strong site-.
 
dependency enhanced by single training field samples. With the large
 
number of spectral variables available within our multidate approach,
 
training models from one location appeared to perform as a viable class,
 
when in fact their signature was too site-specific for extension over an
 
entire quad.
 
Several urban classes contained too few pixels to be analyzed
 
effectively and this eliminated a promising strategy that the New Mexico
 
people devised to solve the activity vs. cover class dilemma. They had
 
separated their downtown areas into sectors where either buildings were
 
preeminent over parking areas and streets, or vice-versa.
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Unfortunately, the sample sizes were insufficient to obtain results on
 
this alignment.
 
3.2.4 - Utah 
The training data received from Utah was, for the most part, of'good
 
quality and proved quite adequate for development of category signatures.
 
Utah had good aerial photography which they used in conjunction with on-the­
.ground field trips to accurately delineate the boundaries of agriculture
 
fields.
 
Some 50 separate categories and subcategories were provided by Utah.
 
These were established in a hierarchy as shown inTable 3.1, which was
 
helpfdl when decisions had to be made to divide or combine classes. Some
 
supplementary information was provided, such as the harvest dates for
 
certain crops. Other information was obtained by phone: for instance,
 
to ascertain the reason that some of the alfalfa fields were very different
 
from the majority (they were not alfalfa).
 
One hundred seventy-five individual training fields were provided.
 
These were clearly shown on maps for the Farmington, Dromedary Peak,
 
Tremonton and Salt Lake City South quadrangles. Each field was identified
 
according to the code given in Table 3.1.
 
Probably the most serious deficiency inthe Utah data resulted from
 
their use of U.S. Forest Service timber type maps to locate training fields
 
for the forest classes. This resulted in large training fields which were
 
probably not homogeneous, from which we selected data somewhat arbitrarily.
 
Although the ultimate classifications results are reasonably good, there
 
issome question about the accuracy of these forest type maps.
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TABLE 3-1
 
UTAH LAND CLASSIFICATION SYSTEM
 
URBAN.. U 

residential...r 

old ...o 

new... n 

vegetated..v
 
unvegetated... u 

commercial...c 

industrial ...i 

building...b
 
excavations..,e 

salt evaporation 

ponds.. s 

tailings ponds,.. t 

AGRICULTURAL.. A 

irrigated..,i 

alfalfa.. a 

barley.. .b 

corn...c 

grain...g 

orchard.. o 

sugar beets... s 

wheat.. w 

fall ..y 
spring.. z 
nonirrigated.. n 
wheat... w 
volunteer...v 
fallow . f 
GRASSLANDS,. G 
wet .. wirrigated...i
 
subirrigated..s 

dry... d
 
revegetated... r
 
CHAPARRAL,..C
 
BRUSHLAND ...BR
 
dense.. .d
 
sparse...s
 
BARELAND..,BA
 
alkali/salt..a
 
soil...f
 
mud...m
 
rock...r
 
sand...s
 
MARSHLAND.-.
 
cattails,..c
 
bullrushes..,b
 
grass...g
 
WATER...W
 
deep...d
 
shallow...s
 
FOREST.. F
 
conifer...c
 
pinion/juniper.. .j
 
spruce...s
 
white fur...w
 
douglas fir...f
 
conifers further subdivided into
 
dense and sparse

deciduous..d
 
aspen...a
 
cottonwood...
 
maple...m
 
oak.. o
 
mixed...x
 
SNOWFIELDS.. S
 
new...b
 
old ..o
 
0 a 
?O UAUI'Y
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3.2.5 Wyoming
 
For the most part Wyoming used only those classes which are listed
 
on Table 2-2. Training data was received from Wyoming in three separate
 
installments; the first consisted of 46 training fields, identified mostly
 
by a numbering of the classes in Table 2-2.
 
Itwas apparent when the initial training data was received that
 
there were not enough training fields to give a representative sampling
 
of the vegetation types. Itwas also suspected that certain vegetation
 
land use types had not been included in this initial selection. Following
 
discussions with the 'personnel from Wyoming, additional, more complete
 
information (another 20 to 30 training fields) was received late inthe
 
project.
 
Numerous difficulties were encountered in the use of the Wyoming
 
training data which were primarily the result of inadequate instructions
 
provided for this task and the inexperience of the personnel involved.
 
Furthermore, state and federal personnel on site inthe target areas
 
were used to providing some of the information. This resulted in
 
communication problems, since there was even more separation between
 
CSU and the suppliers of the data.
 
The classification results based upon these initial training data
 
were very poor for the Buffalo quadrangle (the primary quadrangle in
 
Wyoming). It appears that the primary difficulties centered around a
 
lack of communications between CSU and Wyoming personnel, confusing
 
notations on the maps provided, and inadequate subdivisions of certain
 
categories associated with rangeland and irrigated crop lands. Large
 
areas were typed as a single class, from which CSU had to arbitrarily
 
choose smaller model areas. Because of these difficulties, a third
 
selection of training data for Wyoming took place near the end of the
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contract, such that a reclassification of the Buffalo quadrangle could be
 
undertaken.
 
The problems encountered with the training data from Wyoming
 
emphasize the need for a very detailed training site manual and for the
 
use of experienced personnel on projects of this type.
 
3.2.6 Montana
 
The training data received from Montana suffered from the same
 
problems encountered in Wyoming. Some of the personnel who initially
 
selected training data for Montana left the project during the summer
 
of 1975 and were not available for future consultations. Furthermore,
 
as noted above, special instructions were not provided to the personnel
 
inthis state as had been done for the other states. Ultimately, some
 
classes were selected by CSU personnel on the basis of different reflect­
ance characteristics observed inthe LANDSAT images. The classes used
 
by Montana were primarily those given inTable 2-2. Eighty-eight training
 
fields were located on 3 of the 4 quadrangles which were to be classified.
 
Their identification was by a class numbering system similar to Wyoming's.
 
Some of the fields were too small to use, others were too large and
 
general (like the forest types inUtah and various fields inWyoming).
 
Certainly better results could have been obtained for the classification
 
in Montana ifwe had been able to obtain better training data.
 
Montana relied too heavily upon line symbol maps of selected training
 
areas. Intricate tracing of ground patterns were presented with little
 
definition of the significance of each line. Some were boundaries of
 
desired training blocks, and others were linear variations within those
 
blocks. Itwas difficult to identify the limits of a given field, and
 
to ascertain whether that field should be lumped with or split from other
 
fields in terms of a classification which would be most effective from
 
the user standpoint.
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4.0 	 DEVELOPMENT OF THE LANDSAT MAPPING SYSTEM (LMS)
 
Initially this project called for the use of CSU's pattern recognition
 
system, RECOG. RECOG, however, had been developed primarily as an educational
 
tool for use inthe undergraduate and graduate remote sensing courses which
 
are taught at CSU. This system did not provide for the coordinate
 
transformations required to produce rectangular and scaled maps, as was
 
desired for this project. Nor did this system provide for any preprocessing
 
of the data or for the specialized selection and refinement of data which
 
was believed necessary. As a training tool, it had been designed to
 
provide for many opportunities of human interactions with the system. In
 
other words, itwas necessary for the operator of the program to interact
 
with the data flow and make manual decisions and selections at many points.
 
Although ideal for instructional purposes, and desirable for certain kinds
 
of basic research, itwas seen primarily as an opportunity for many human
 
errors to occur during the processing of the large volume of data required
 
on this project.
 
Other capabilities not provided by RECOG, which were needed for this
 
project, included means to register files of data such that multidate files
 
could be prepared for the desired multidate processing. Furthermore,
 
means of displaying training data and preclassification analysis results
 
were needed to permit the efficient analysis of the large quantities of
 
training data'received from the states.-

In summary, capabilities to be provided by the LANDSAT MapDing
 
System are listed below:
 
1. 	Fewer points of human interaction in the
 
data processing flow.
 
2. 	Improvements in the efficiency of all
 
of the computer programs to be used.
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3. A coordinate transformation and scaling capability.
 
4. A data preprocessing capability to include
 
generation of new variables and spatial 
- fil-tering. ­
5. A capability to form a single registered multidate
 
file for combined multivariate analyses.
 
6. Improved training data analysis to include
 
the ability to extract irregular fields,
 
maintenance of the training data on tapes
 
provide for semiautomatic cleaning or
 
refinement of the data, calculation of
 
numerous training data statistics, and the
 
capability to display the training data in
 
map form to verify location and spatial
 
distribution of data performance.
 
7. To provide for more versatility in
 
classification methods and display of
 
classification results.
 
That most of these desired capabilities were met under this project
 
will be apparent from the sections to follow.
 
4.1 	 General Description of LMS
 
The LANDSAT Mapping System is composed of four steps. Each performs
 
a specific task in the production of the final results. The tasks involve
 
preprocessing of LANDSAT data, analysis of class acceptability, develop­
ment of class signatures, and final classification and display. The
 
descriptions inthis section are based on the original design of LMS.
 
Some of this capability has not been achieved as yet (see Section 4.3).
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4.1.1 STEP I
 
The first module of the LANDSAT Mapping System is called STEP I.
 
It prepares LANDSAT data received from the EROS Data Center for easier
 
and more efficient processing and modifies the data format to be
 
compatible with CSU's programs. This step performs several data pre­
processing functions including rotation and rectification of the spatial
 
coordinate, correction for geometric errors and spatial filtering. The
 
step also provides for data displays in the form of computer generated
 
graymaps. It consists of four separate programs linked together by a
 
system of JCL (Job control language) cards. The functions performed by
 
each of these programs is described below. The operational sequence is
 
given on Figure 4.1.
 
CONVERT is the first of these programs. It converts tapes in
 
LANDSAT format (Thomas, 73) to CSU's RECOG format. It was designed to
 
convert an entire image size area or any portion of an image desired by
 
the user. The area converted is not scaled and distortions are not
 
corrected at this point.
 
ROTATE, the second of these programs, was designed to rotate and
 
rectify the data plane'and to correct various geometric distortions
 
(Anuta, 73). The program inputs a file (see Glossary) generated in
 
RECOG format by CONVERT. This file contains lines of individual pixels
 
(see Glossary) which represent a map grid or image. ROTATE generates
 
a new RECOG file by resampling the data, using the nearest neighbor rule
 
to match the new coordinate system which eliminates image distortions
 
and changes the image scale so that it is possible to overlay tie data
 
on quadrangle maps.
 
The following are the geometric chAracteristics changed by program
 
ROTATE.
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1. Frame Rotation - The orbit of the satellite isinclined approximately
 
9.1140 clockwise from true north at the equator. Similarly, the
 
frames in the United States are orientated with respect to north
 
approximately 130 clockwise.
 
2. 	Scan Time Skew - During the scanning of each line the satellite moves
 
in its orbit. This causes a skewing of each line by approximately
 
216 meters (Anuta, 73).
 
3. 	Nonlinear Scan Sweep - The scanning mirror moves across the scene
 
with a sinusoidal speed function. This causes a deviation from
 
linearity as great as 395 meters at some points on the image (Anuta, 73)
 
4. 	Pixel Shape and Size - At any instant in time the scanner looks at
 
a circular area on the ground, having a diameter of about 79 meters.
 
The scanlines are separated, therefore, by 79 meters. The continuously
 
varying output of each sensor is sampled such that a radiance value
 
is obtained every 58 meters along the scanline. Rotate output
 
provides new pixel locations for display on devices providing equal
 
vertical and horizontal separations or the 8 to 10 ratio needed for
 
line 	printer display.
 
Program ROTATE also provides for variable contrast stretching to produce
 
a common dynamic range for the four spectral bands. Channels 1, 2,and 3 of
 
this original data have a 7 bit range (1- 128) while Channel 4 has a 6 bit
 
range (I- 64). 'The contrast stretching raises the dynamic range of all bands
 
to 8 bits (I to 256). This improves the effectiveness of filtering as
 
described below.
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FILTER is a program which calculates a new value for each point
 
inthe grid system by taking a weighted average with the eight surrounding
 
points. The equation used for this two dimensional filter is
 
+n +n
 
V'(Xl1,xk) wivxli -
Y WI.!=-n i=-n
 
where
 
V is the reflectance value at position X, Y.
 
V/ is the filtered reflectance value at Position X,Y.
 
Wij are weighting coefficients and
 
n is an integer (1, 2, 3,...) which determines
 
the area over which data are averaged (n = I
 
for averaging with nearest 8 pixels).
 
The resulting effect on the data is that of decreasing noise caused by
 
the atmosphere and various features of the data collection system ( Maxwell,
 
1976).
 
GRAYMP is a display program used to output in graymao form an image
 
of the spectral reflectance of a particular band or channel (see Glossary)
 
of data. The program inputs a RECOG file, histograms the data and divides
 
the data into n divisions defined by the user. Subsequent assignment of
 
a display character to each division produces the desired graymap effect.
 
The output can then be printed or placed on microfilm.
 
The four programs of STEP I can be run separately in a manual mode,
 
o-together in an automatic mode, depending on the users input. Ineither
 
case the flow through the module (STEP I) is controlled by a program named
 
CONTRL. This control feature pulls the programs together into a package
 
that appears to the user to be a single program performing four separate
 
functions.
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FIGURE ',1
 
L 	 UP TO 4 TAPES, REPRESENTING 25 MILEL4L4 Lt E-W SE'MTNTS OF A GIVEN LA SAT IMAGE,4) MAY BE INPUT SIMULTANEOUSLY, 
- I "CONVERTS" THE LANDSAT FORMAT TAPE(S) I['ITO THE 
INTERNAL, SINGLE RECOG TAPE, ONLY -PIE PORTIONOF THE IMAGE NEEDED TO OVEPLAY THE SELECTED 
MAP IS CONVERTED AND POOLED TOGETHER, 
"ROTATE" RESAMPLES 	 THE ORIGINAL IMAGE CELLS TO 
REPRESENT ANY SIZE 	 RECTANGULAR OR SQUARE CELL
ROTATE 	 AS SELECTED BY THE USER, ADJUSTS FOR ORIGINAL 
IMAGE DSTORTIONS, SCALES IMAGE TO MAP SCALE
./II 	 (E.G. 1f,03) 
FILTER "FILTER" THE IMAGE. 
"GRAYUP" 1, 2, 3 ... OR ALL OF THE INDIVIDUAL 
SPECTRAL BANDS IN THE ORIGINAL OR MAP OVERLAY 
L. - -	 FORMAT. DISPLAY OPTIONS INCLUDE LINEPRINTER 
AND MICROFILM GRAYMAPS, 
GRM 
"MNDSAT" COMPUTER CO .PATIBLE TAPE (CCT) AS SUPPLIED BY EROS 
DATA CENTER,
 
R "RE".G" FORMATTED TAPE (OR DISK) FILE - AS STANDARD TAPE FORMAT 
4 USED THROUG-OUT THE IMAGE PROCESSING ACTIVITY. (N 1 TO 4) 
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4.1.2 STEP II
 
The module of LMS called STEP II was designed to make it possible
 
for the user to interleave images from various dates and/or add ancillary
 
data to form a multidate-multivariate file of a particular map area. This
 
step is composed of two orograms; one which combines the channels and one
 
which trims the data file to a user defined map region. See Figure 4.2.
 
COMBINE, the first program in the sequence, will combine RECOG files
 
by interleaving the channels of all files to form a single file. For
 
example, we can take a RECOG file with 4 channels of LANDSAT data for one
 
date and add another 4 channels of LANDSAT data from a different image
 
date. The result of this combination is a new single file of 8 channels
 
that can be used in later analysis. 
Example: 
Ist Date 2nd Date 
file 1I file 2 
31 4 1 23 
New File
 
The program TRIM was designed to take a RECOG file with any number of
 
channels and eliminate lines and columns that surround a specific map
 
region defined by the user. This is illustrated below.
 
/I////z F 
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FIGURE 4.2
 
R ) \ UP TO 10 RECOG FORMATTED TAPESR R. OF AVARYING NUMBER OF SPECTRAL 
3-/ BANDS ARE INPUT. 
'"TRIMS" EACH RECOG FORMATTED TAPE 
TRIM ' TRIM : (OR F-ILE) TO ASELECTED NUMBER 
' I OF LINES AND COLUMNS DESIGNATED 
BY THE USER, USUALLY THOSEA NEEDED TO COVER MAP SELECTED. 
LINES AND COLUMNS ARE RENUMBERED 
BEGINNING AT L,1. 
Ri I 
1 "COMINES" RECOG FORMATTED DATA FROM ThE 
COMBINE 1 TO 10 SEPARATE INPUT TAPES (FILES) 
INTO 1 COMPOSITE RECOG TAPE (FILE) 
REPRESENTING A MULTIDATE, MULTISPECTRAL

R -IMAGE, 
"GRAY 1P",2, 3... OR ALL OF THE 
GRAYMP INDIVIDUAL SPECTRAL BANDS IN COMBINED 
IMAGE. DISPLAY OPTIONS INCLUDE
 
LINEPRINTER AND MICROFILM GRAYMAPS.
 
(i+ j are any integers)
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The shaded area can be eliminated from the data file, thereby substantially
 
reducing the costs of future computer analysis.
 
These two programs are linked together in the same manner as STEP I. The
 
program GRAYMP (described in 4.1.2) is used here to visually check the pixel
 
to pixel overlay of various combined data.
 
4.1.3 	STEP III
 
The third step in LMS is designed to analyze training data and compute
 
statistical "signatures" of the classes to be mapped. The signatures are
 
composed-of a covariance matrix and a mean vector which statistically describe
 
the spectral characteristics of the training fields for each,,class. This
 
step is the most important of the four that comprise LMS. The analysis
 
strength and flexibility of this step gives LMS a distinct advantage over
 
other scene analysis systems (see Section 4.6). It is well known that
 
computer classification of multispectral data is only as good as the
 
signatures used for the classes. The programs of STEP III give the
 
analyst the opportunity to optimize signature definition and thereby to
 
maximize the accuracy and significance of classification results.
 
The module is composed of nine programs, each performing a specific
 
task directed toward the generation of the above signatures (See Figure 4.3.)
 
EXTRACT and TRANSF2 are preliminary programs which respectively isolate the
 
training data from their source file, and expand the data to include any
 
extra transformations of original variables. The resulting output is then
 
ready to be analyzed with the other programs. STATGEN calculates various
 
statistics on the data, and is the central assessment tool. CLEAN and
 
GROUP are manipulative programs which delete or recombine training data
 
at the operator's command. OVERLAY and PRIPUN are pixel by pixel output
 
devices, the first in map form, and the second either print or punched
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_____ 
FIGURE 4,3 
R 
--	 "DTRACTS" THE TRAINING FIELD DATA IDENTI-
FIED BY THE USER (RECTANGLESJ IRREGULAR 
AREAS, AND POINTS) FROM THE RECOG IMAGE 
EXTRA FORMAT.
 
_____ S"TRANSFOMS" THE TRAINING FIELD DATA, 
SI-I_ FORMS RATIOS OF SPECIFIED SPECTRAL BANDS 
TRANS IM USES ELEVATION 	OVERLAYS TO ADJUST SPEC-

TANSFOR TRAL BANDS FOR 	TERRAIN SHAW9ING, ETC,
 
SP 	 "CLEANS" OUT TRAINING FIELD DATA POINTS 
WITH LOW PROBABILITY OF BEING THE SELECTED 
GROUP MATERIAL OR HIGH PROBABILITY OF BEING
 
SOME OTHER MATERIAL,, ETC. 
"GROUPS" TRAINING SETS TOGETHER 	WHICH WERE 
ORIGINALLY SELECTED INEXTRACT TO RE-
STATGN PRESENT SEPARATE MATERIALS BUT ARE NOW DETERMINED TO BE STATISTICALLY SIMILAR.
 
"STATGEN" GENERATES STATISTICS FIELDS USI j
 
MAXIMUM-LIKELIHOOD APPROACH (STEPWISE
 
DISCRIMINANT ANALYSIS), OTHER DECISION
 
RULES CAN BE SUBSTITUTED HERE,
 
"OV'ERLAYS" ANY VARIABLE 
N. OR RESULT INPOINT FILE 
INTO A RECOG FORMAT FOR
 
DISPLAY AND MAP OVERLAY.
 
PRINT/IR'JCHSTATISTI CAL REPRESENTATI ON 
J" OF EACH MATERIAL SPECIFIED 
- . ... BY THE USER FOR USE IN 
MAPPING THE MATERIALS ON
 
ANY DATA TAKEN FROM THE
GRAMP 	 / C SAME ORIGINAL IMAGE,
 
/VARI "PRIrffS" OR "PUNCHES" oUT 
v ANY VARIABLE S) INTHE 
POINT FILE FOR FURTHEP 
SIGATRECELL I 	ANALYSIS INADDITIONAL PROGRNIS WRITTEN BY1S
G MATRICES 	 VARIABLES THE USER.
 
"PIN," BY POINT TAPE (OR DISK) FILE, - AN INTERNAL TAPE, DISK, AND/OR 
CARD FILE FORMAT WHICH CONTAINS ONLY THE EXTRACTED TRAINING FIELD DATA 
AND MAINTAINS ITS CORRECT MAP OVERLAY POSITION., 
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cards. SIGNIT generates the class signatures when the training data has
 
reached a satisfactory level of performance.
 
EXTRACT performs the task of extracting from a RECOG file the spectral
 
data for each point (pixel) in every training field defined by the user.
 
A training field can be a rectangular area, irregular shaped area, or even
 
a 
single point. The data for each point is inserted into a record (see
 
Glossary) which contains class names and data fields which eventually will
 
hold the posteriori probabilities of the point belonging to each class in
 
the universe (see STATGE). After the data is inserted into the record,
 
the records are written onto POINT file (see Glossary). This file
 
(as represented by capital P in Figure 4.3) can be the data input into
 
any of the programs described below, except GRAYMP.
 
TRANSF2 isa program that will input either a POINT file or a RECOG
 
file, one line at a time, and generate new variables using the following
 
equation.
 
Vii = Vik / Vi * FACTOR 
where
 
i designates the column position along the
 
scan line
 
and 'k and 1 are the variables used to form the jth
 
variable.
 
FACTOR is a multiplier to raise the ratio value
 
to match the magnitude of the original
 
channels.
 
The new variables are interleaved directly back into the record (see
 
Glossary) from which the original values were taken, and a 
new file
 
(either RECOG or POINT) is output.
 
STATGE This program performs a multiple grouo discriminant analysis
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on data from aPPOINT file. A set of linear classification functions is
 
computed by choosing the independent variables ina stepwise manner. The
 
variable entered at each step is selected by one of four available criteria,
 
and--a -variable-is-deleted when its F-value becomes too low. Using these
 
functions and prior probabilities the posteriori probabilities of each 
case belonging to-each class is computed. The program also computes the 
coefficients for canonical variables and plots the first two canonical, ­
variables to give an optimal two-dimensional picture of the separation of 
classes. The output of STATGEN consists of: 
(1)Class means and standard deviations
 
(2)Within classes covariance matrix
 
(3)Within classes correlation matrix
 
(4)At each step:
 
(a)Variables included and F to remove
 
(b)Variables not included and F to enter
 
(c)Wilks' A (or U statistic) and
 
approximate F statistic to test
 
equality of group means
 
(d)Matrix of F statistics to test
 
the equality of means between
 
each pair of classes.
 
(5)At certain specified steps and after the last step:
 
(a)Classification functions
 
(b)Classification matrix
 
(6)For each case:
 
(a)The posteriori probability of coming
 
.
 from each class (optional)
 
(7)Summary table. For each step of the procedure the
 
following is tabulated:
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(a) Variable entered or 	removed
 
(b) F value to enter or 	remove
 
(c) Number of variables included
 
Cd) Wilks' A (or U) statistic
 
(8) Eigenvalues, canonical variables and coefficients of
 
canonical variables are printed and, optionally written
 
on a tape. The number of canonical variables written
 
on tape is equal to the number of original variables
 
included in the last step.
 
(9} Plot of the first canonical variable against the second.
 
(10)- Residuals and canonical coefficients
 
Finally, the program writes a new point file which contains the
 
posteriori probabilities for each point belonging to each class. These
 
probabilities are used by program CLEAN to eliminate data points which
 
do not belong to the class for which they were chosen.
 
CLEAN operates on the new point file generated by STATGEN. The
 
LMS operator sets decision criteria for the retention or deletion of
 
individual data points from the point file. These criteria area probability
 
thresholds which are compared with the posteriori ,probabilities generated
 
by STATGEN. When the posteriori probabilities fail to satisfy the criteria,
 
the data points are deleted and are not used for computing class signatures.
 
GROUP isa program used to rename, combine or reposition individual
 
classes of training field points on a POINT file. The following functions
 
can be performed.
 
1. Combine two or more 	existing classes into
 
a new class. This is performed by assigning
 
a new class name to two or more existing
 
classes.
 
2. 	Delete a class by repositioning all points in
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thAt class to the end of the file where they will
 
n6t be analyzed.
 
3. Rename any class by changing the class name
 
for 6ach point inan existing class.
 
4. Reorder the classes on the POINT file for
 
easier analysis.
 
The above functions of GROUP are necessary in order to optimize
 
the operation of program STATGEN.
 
OVERLAY is used to graphically display various data from the records
 
on the POINT file. The program generates a file to be displayed by GRAYMP
 
(See 4.1.2) of any of the data values stored there. This file when outputed
 
in graymap form by GRAYMP displays the training field data in its true
 
spatial orientation. This allows the user to overlay quad maps to
 
validate training field sampling. The program will display the following:
 
1. First letter of the class assigned to each
 
point by the user.
 
2. First letter of the class assigned to each
 
point by program STATGEN.
 
3. Probability of the points being the user defined
 
class.
 
4. Probability of the points being the class defined
 
by STATGEN.
 
5. Delete code if the point(s) are'deleted.
 
6. Any of the spectral data values, either from
 
the original LANDSAT Channels or transformed
 
channels.
 
PRIPUN, or print/punch, is a program used to output either on paper
 
or cards a portion or all of the data stored in each POINT file record.
 
This output can then be used inother programs.
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SIGNIT After the analysis of the data on the POINT file has been
 
completed, the user is prepared to generate statistical signatures for
 
each acceptible class on the POINT file. The signatures generated consist
 
of a covariance matrix and a mean vector for each group of POINT file data
 
values which constitutes a class.
 
There are many decisions to be made while working a set of training
 
data through STEP III. Because of the iterative nature of this portion
 
of the process, and because of the many alternatives available at any point,
 
the programs are not linked together as inSTEP I or STEP II
 
4.1.4 STEP IV
 
The final step inthe LMS system performs the classification of each
 
pixel of an image area and then displays that area via some visual medium.
 
At this time the only visual media that have been developed for this step
 
are microfilm or a printed symbol map. This step uses the signatures
 
produced by SIGNIT inSTEP III, and the target data file produced by
 
STEP IIto generate the desired output classification map.
 
The following three programs each perform part of the task leading
 
to the final desired result (see Figure 4.4).
 
TRANSF2 was described inSTEP III as performing transformations on
 
the POINT file. Here the same program will perform transformations on
 
the RECOG file generated inSTEP II. The transformations performed on
 
the data inthis step must be the same as those performed in STEP 'III
 
such that the variables used for signature computation are the same as
 
the variables used as input to STEP IV.
 
Program MAP performs the task of classifying each point in the map
 
region defined by STEP II. The program inputs the signatures generated
 
by program SIGNIT (see 4.1.4) and the RECOG file created by STEP IIand
 
TRANSF2.
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FIGURE 4,4
 
I 	 'rFRANSFOPS" DATA FOR EACH IMAGE 
TRANSFORMI CELL JS TESTED AND SELECTED IN
 
STEP
 
Ri+k 
M"MAPS" OUT THE DISTRIBUTION OF
 
EACH SURFACE MATERIAL SPECIFIED
BY THE USER,
 
(iand k are any integers)
 
L2 	 . 
1 	'GRAY11 DISPLAY 
"DISPLAYS" THE SELECTED IDENTIFICATION
 
OF EACH IMAGE CELL AND/OR PROBABILITY
 
-THATIT ISTHE MATERIAL DESIGNATED.
 
GRWWAP DISPLAY OPTIONS INCLUDE LINEPRINTER 
AND MICROFILM GRAYMAPS AND LINEPRINTER
 
COLOR SYMBOL MAPS,
 
F"RECOG"FORMATED TAPE FILE WITH n CHANNELS,
 
'$W" 	FILE WHICH CONTAINS CLASSIFICATION OUTPUT FOR EACH 
PIXEL IN A SPECIFIED MAP REGION, 
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The signatures provide the mean vector and covariance matrix for each class.
 
These are input parameters for a discriminant function which is used to
 
compute the probability that each pixel belongs to each of the classes.
 
This constitutes a maximum likelihood classification procedure which
 
assumes a Normal distribultion of radiance values for each class. Each
 
pixel is assigned a class identification symbol along with the value
 
of the discriminant function for the class selected. The pixel symbols
 
and discriminant values are used to generate a MAP output file which can
 
be in RECOG format for display by PHASE1 or in MAP format for display
 
by DISPLAY.
 
DISPLAY. This program displays the file generated by program MAP
 
above. It inputs the class identification codes and probabilities from
 
MAP and outputs class symbols on paper or a microfilm graymap of the
 
entire area classified. New symbols can be designated by DISPLAY,
 
including an overprint capability of any two symbols.
 
GRAYMP can also be used to display the classification file generated
 
by MAP. This feature isavailable only ifMAP generated a RECOG type
 
file rather than a MAP file for input into DISPLAY.
 
4.2 	 Parameter Selection
 
Inthe early stages of the project, CSU found itnecessary to calibrate
 
two data preprocessing functions used in STEP I. Optimization of parameters
 
was carried out in the empirical mode, with iterative tests performed on
 
known areas until satisfactory results were obtained.
 
4.2.1 	 Rotation and Scaling
 
Rotation and scaling factors were refined to produce from original
 
LANDSAT geometry a rectified cellular grid which would overlay any
 
given map scale. Paul Anuta (1973) had published the strategies of these
 
correctional transformations, but his numerical coefficients for some
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reason'failed to produce satisfactory results for us. 
Therefore, a test area of 600 pixels on a side was laid out over the 
city of Denver. Certain street patterns were known to run due north-south 
-and east-west,-and-through a lThnthypro~essof trial and error using 
different combinations of coefficients, proper balance was achieved in the
 
four 	factors described in section 4.1.1 (under program ROTATE). The
 
overlay,of LANDSAT data and the Denver street patterns was corrected to
 
within 1 pixel in 600, on both axes of the cellular grid. Since then the
 
parameters have been tested on dozens of other sites at varying latitudes
 
with 	no indications of misregistration.
 
4.2.2 	 Filtering
 
The second calibration effort was designed to optimize our spatial
 
filtering algorithm in order to eliminate as much random system noise as
 
possible, while effectively maintaining the pattern of spectral signals by
 
which discrimination of cover types is possible. The tests were a combination
 
of scene transect profile analyses, and classification accuracy determinations
 
of selected training data. This series was performed twice; first in highly
 
heterogenous sandhill vegetation with adjacent agricultural areas in far
 
eastern Colorado, and secondly in a more consistent timbered area in the
 
Front Range of Colorado.
 
The 	transects were laid out in areas where the effect of lateral
 
misregistration would not greatly affect the spectral response. Approximately
 
75 pixels were spanned in a north-south direction (to more easily assess
 
the effects upon radiometric errors). Detailed field information was
 
obtained along the approximately 3.5 mile stretch, with emphasis upon
 
changes in cover which could induce changes in the spectral response of
 
tne corresponding pixels. Digital files containing LANDSAT data for the
 
transects were then filtered using ten different weighting levels. Transect
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/ 
pixels were plotted as position versus radiance values inMSS bands 5 and
 
7. Changes in response that correlated with type boundaries were identified
 
within the profiles. Examination of all ten levels of filtering yielded
 
a subjective opinion of the optimal intensity for the given data set.
 
We also performed classification accuracy tests for the same ten
 
levels of filtering. Field verified training sets for up to fifteen classes
 
were used at the various filter levels to determine which intensity
 
produced the best results. The curve tended to reach a maximum at a
 
filter intensity below that indicated by the transect tests, so a
 
compromise level was adopted for the FRMS project. This compromise was
 
undoubtedly not correct for all the variety of scene conditions encountered,
 
but it should not have caused serious degrading of image information and
 
it should have significantly reduced the noise level.
 
4.3 Present Status of LMS Development
 
The LANDSAT Mapping System is a valuable system because of its many
 
capabilities and options as described insection 4.1. But, because of
 
the problem discussed below the system is in many ways difficult to use
 
and in some cases more expensive than necessary. A complete documentation
 
of the system isnot available due to time and money constraints and is
 
very badly needed.
 
During the development of LMS, the programs were written by a small
 
staff under very tight time constraints. Therefore, only minimal docu­
mentation was written. Also, because of the lack of time, parts of the
 
system are not efficient. A particular case inpoint is program OVERLAY
 
in STEP III, which inmost cases is too expensive to run, but remains a
 
valuable tool in determining the character of individual results during
 
srEP III processing. The package has not been entirely completed (90%
 
complete) and contains some problems which currently impede its use.
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4.4 Future Development
 
The LMS package, because of its many options and capabilities in
 
performing classification of various areas, is a valuable tooi in the
 
field of remote sensing. But as itcurrently exists, itwould be
 
difficult for anyone to use the software because of the lack of
 
optimization and documentation.
 
The decision points encountered in the operation of LMS need
 
clarification in terms of the implications of alternatives presented.
 
Inorder to export LMS, subsequent to the above improvements, the
 
preparation of manuals for training data collection, software operation,
 
installation, and program maintainance must be achieved. Tentative outlines
 
for manuals are given inAppendix B.
 
4.4.1 Software
 
The LANDSAT Mapping System is composed of program software which was
 
adequate to perform the tasks required by this project. But many improve­
ments in efficiency and compatibility still need to be made.
 
All of the existing software should be optimized to increase the
 
speed of execution and decrease the system storage required to run the
 
programs. This is necessary in order to minimize the cost of producing
 
classification output.
 
The software is currently written for the CDC 6400 computer at CSU,
 
and thus has many features which are unique to this installation. For
 
LMS to be exported'to other computer sites, work must be completed to
 
standardize the program code (FORTRAN), and to eliminate features unique
 
to this site.
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Besides optimization and standardization, several portions of the
 
LMS package should be modified to simplify and combine like operations.
 
These include:
 
1. 	Develop a single display program which will
 
perform the functions of both the current
 
GRAYMP and DISPLAY. Add new features such
 
as better output annotation and layout,
 
possible color display output, the
 
capability to generate larger or smaller
 
scale maps, and to improve our
 
ability to graphically display the
 
probabilities generated by program MAP.
 
2. 	Most of the programs currently use fixed format
 
data input from cards. A utility software
 
functions should be written to make input
 
to all programs free format.
 
3. 	Currently the classification algorithms in
 
STEPs III and IVare somewhat different. To
 
improve the results of the classification,
 
the two algorithms should be made identical.
 
STEP III currently uses a common covariance
 
matrix for all classes, while STEP IV uses
 
individual covariance matrices for each
 
class.
 
Other needed software and algorithm improvements include the
 
following:
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4. 	Because of the cost of STEP IV inproducing multivariate
 
classification results, the concept of performing
 
canonical transformations to reduce the number of
 
variables has been developed. But careful research
 
into the resulting accuracy and cost savings must be
 
performed, and software to efficiently accomplish
 
this must be developed.
 
5. 	InSTEP I,program CONVERT was not completed, in that
 
it currently only converts a maximum of 810 columns of
 
any part of an image. This limitation is not critical,
 
but eliminating itwould be economically profitable
 
for any project working with large areas. Also in
 
program CONVERT, a modification needs to be incorporated
 
to utilize the calibration data given on each line of
 
the LANDSAT tapes. This data would make possible
 
deterministic correction of radiometric differences
 
between the six sensors.
 
6. 	Ancillary data, inconjunction with the LANDSAT imagery,
 
has been found to be valuable in the classification
 
algorithm. An effort to determine the effect of
 
slope and aspect data on classification results
 
is currently the topic of a Masters thesis being
 
completed at CSU (Weiner, 1977). The software
 
used to incorporate this data is incomplete and
 
very badly structured. Thus, if the result of the
 
current research ispositive, the group of programs
 
used for including ancillary data should be completed
 
and added to the existing STEPS II,III and IV.
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4.4.2 Operational Needs
 
Future development of operational techniques for LMS should include:
 
a standardization of the procedures, culminating
 
in a set of manuals to provide new users with a
 
foundation of methods to modify according to
 
their needs. This is djscussed-in Section 4.6.3.
 
2. 	further research to more precisely define and
 
predict the effects of the following processing
 
decision alternatives: .
 
Category selection criteria need refinement inorder to ensure that
 
the data set presented to LMS isboth compatible with user needs,
 
and well-suited to the cellular constraints and classification algorithms
 
of the package. For instance, user objectives in terms of a final
 
mapping universe must take into account the limitation of the satellite's
 
sensing capabilities; 1) class choices must exhibit spectral tendencies
 
which derive from the desired identifying characteristics; 2) the spatial
 
variation of these spectral tendencies must be primarily confined to
 
areas smaller than the LANDSAT pixel.
 
We now use a low-pass or weighted averaging, two-dimensional filter.
 
The parameters of the filter (area smoothed and weighting values) should
 
be adjusted to reduce atmospheric, system and scene background noise,
 
while retaining pertinent information associated with the following types
 
of classifications: range, forest, riparian, urban, mining, and agricultural.
 
The more heterogeneous the scene and the more detailed the classification,
 
the lighter must be the weights of this simple filter. Ifthe difference
 
in spectral radiance between two often-juxtaposed classes ishigh, then
 
our present filtering must be further muted to avoid distortion of
 
boundary values. This problem may in part be solved by the replacement
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of our present filter with a band-pass filter which would not distort or
 
broaden sharp boundaries. Whatever the filtering method used, we must
 
optimize parameter selection for the various classification types. There
 
is also a need to establish proper filtering adjustments when working
 
with multidate data.
 
Ratio variables have been proven in the past to be valuable for
 
discrimination of natural vegetation cover types. For other cover types
 
the ratio variables can be correlated so closely with the original
 
variables that inversion of class covariance matrices in the maximum
 
likelihood classifier is impossible. Therefore, while the ratios
 
enhance results in one sector of a given classification, they may
 
totally inactivate the classifier in other sectors. Strategies for
 
mitigation of this problem need research and the resultant alternatives
 
need cost-benefit analysis.
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5.0 	 PREPROCESSING OF LANDSAT DATA
 
In this section we will describe the problems encountered and the
 
results obtained while using STEPs I and II of LMS for the preprocessing
 
of LANDSAT data. Unfortunately, STEPs I and IIof LMS were not fully
 
developed when we initiated data preprocessing for several of the states.
 
Therefore, we had a continually changing system with little or no
 
documentation during this preprocessing stage. This compounded and
 
greatly magnified the normal problems always encountered when using
 
digital data. We will discuss the kinds of problems that any user of
 
LMS will likely encounter and we will briefly describe specific problems
 
and results associated with the preprocessing of data for certain states.
 
5.1 	 Preprocessing Difficulties
 
We will not dwell on the problems which resulted from our use of
 
software which was under development and undocumented. They were many,
 
they were very frustrating and they caused many delays and some cost
 
inefficiencies. They should not be encountered by future users of LMS
 
and so will not be discussed to any extent here. The greatest importance
 
of these problems lies in the impact they had on the design of STEPs I
 
and IIof LMS. We found that a very regimented step by step procedure
 
was required ifthis system were to be used by relatively inexperienced
 
personnel. Initially, a series of equations were written for determining
 
the location of data for target areas on the digital tapes. We found
 
that 	use of these equations resulted in many errors and many repeat
 
operations of STEP I. STEP I was modified, therefore, such that the
 
user need only identify one corner of the area to be extracted. The
 
software was then designed to compute the other parameters required
 
to extract the correct data for the target area. This greatly reduced 
,
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extraction errors but did not completely eliminate them, as we will
 
see below.
 
5.1.1 Data extraction problems
 
Mistakes in extracting data from the digital tapes continues to
 
occur, primarily because of a lack of exact correspondence between the
 
region shown on the 1:500 ,000 scale printed images and the region
 
encompassed by the data on the digital tapes. Inother words, we
 
found instances where the image prints did not correspond exactly with
 
the data on the computer compatible tapes. These vertical location errors
 
were at times as great as fifty lines. Horizontal location errors were
 
generally of small magnitude and did not present a serious problem. These
 
difficulties could be circumvented, of course, by extracting data for'
 
regions which extend significantly beyond the target area. This can be
 
costly since more data is processed than-necessary, but in the final
 
analysis it isour opinion that itwill probably save money, since it
 
will eliminate the need for repeat computer runs when target are missed.
 
5.1.2 Radiometric errors, parity errors and other data problems
 
Radiometric errors, caused by differences inthe sensitivity and
 
calibration of detectors on LANDSAT, produce marked, horizontal striations
 
on the images. This problem is particularly serious for MSS band 7.
 
The rotation and filtering of the data reduce the seriousness of these
 
radiometric errors, but for some of the worst images the problem was
 
still quite significant and can be seen on the final classification results.
 
The LANDSAT tapes do provide some calibration information which could be
 
used to further reduce radiometric problems. At present, LMS does not
 
provide an algorithm for making use of this calibration data, so no additional
 
correction was possible under this project. Provision for such correction
 
will be a high priority item for continued development of LMS.
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Parity errors and the associated missing data affected the images
 
for several states. Itwas not a serious problem except for one
 
Wyoming quadrangle which will be discussed later. When only one line
 
of data ismissing the two-dimensional filtering of the data provides
 
some fill-in capability. This is far from adequate for the filtering
 
intensities used on this project, however, and a surface fitting
 
algorithm should be developed to replace missing data. Unfortunately,
 
it is very difficult, if not impossible, to identify radiometric errors
 
and parity errors on the image prints used to select image dates. For
 
this reason the quality of the data isunknown until preprocessing begins.
 
Another data problem which was not detectible on the image prints
 
was the presence of thin cirrus clouds or small cumulous clouds in some
 
of the images. Some very thin clouds inWyoming were not detected until
 
there effect was noted during the analysis of training field data. It
 
would be desirable in the future to develop software to adjust radiance
 
values under thin cirrus clouds, based on the radiance of near by areas,
 
and to fill in data for locations underneath very small cumulus clouds.
 
5.1.3 	Filtering
 
The same filter weights (filtering intensity) were used for all images
 
dates for all states. This was undoubtedly not optimum filtering. In
 
those areas, such as urban scenes, which contained many small but important
 
features having high spectral contrasts, itwould have been preferable
 
to filter with less intensity. For certain wildland scenes and some large
 
water body areas, however, it would probably have been desirable to filter
 
with greater intensity. The intensity used was probably adequate for most
 
situations with the possible exception of the urban, suburban areas.
 
No problems were encountered in using the filter algorithm, but it
 
is likely that improved results could have been obtained in some quadrangles
 
had the algorithm been more flexible (provide different weights for
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different scene conditions).
 
5.1.4 Multidate registration problems
 
The between date registration of scenes and the overall registration­
-of the scenes to the 7.5 minute quadrangle maps presented very few
 
problems in agricultural and urban, suburban areas, but proved to be
 
quite difficult inmost wildland regions. The serious problems encountered
 
generally resulted from either changing scene characteristics from date
 
to date, or the lack of image contrast for certain quadrangles.
 
For example, the Dromedary Peak quadrangle was by far the most
 
difficult Utah quadrangle to register, but itwas not because of lack
 
of scene contrast. The problem lay in the changing characteristics of
 
the scene in this very rugged terrain. Specifically, the apparent
 
location of ridge lines changed from date to date because of the shifting
 
of shadow lines as the sun zenith angle changed.
 
On the other hand, inWyoming and Montana some of the quadrangles
 
contained no major topographic or geographic feature for use in estab­
lishing registration. These relatively flat areas contained no
 
ridge lines, no lakes, nor any other feature to ensure accurate registra­
tion. Under these conditions, we recognize that there was probably a
 
certain amount of residual errors in the final registration results.
 
Inmost instances, however, a careful examination of the imagery
 
located several vegetation or topographic features which were consistent
 
over the dates in use. It is likely, therefore, that the between dates
 
registration was, inmost instances, within one pixel. Final registration
 
to the topographic map, however, could have contained errors of two or
 
tnree pixels for several quadrangle.
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6.0 	ANALYSIS OF TRAINING DATA
 
STEP III is that portion of LMS which provides analytical tools
 
for the evaluation and optimization of training data. This could be
 
called the signature development step of LMS. Without question this
 
is the most important and critical step of any image analysis system,
 
since the fitial accuracy and quality of the image analysis isdependent
 
upon the accuracy and validity of the signatures. The computer analysis
 
of the image data can do nothing more than compare the spectral
 
characteristics of each pixel with the spectral signatures which have
 
been established inSTEP III. If the spectral signatures are wrong,
 
the classification results will also be wrong.
 
Since the training data generated by each date differed appreciably
 
in character, quality and documentation (see Section 3)our STEP III
 
treatment of those data varied accordingly. This section presents
 
a general description of the analytical strategies and options involved
 
in the operation of STEP III.
 
6.1 	 General Description of Analytical Methods and Strategies
 
A general discussion of STEP III procedures isfound in Section 4.1.3.
 
We will not repeat that material but will briefly describe the individual
 
programs and procedural options available to the Oser. This should
 
serve to increase your understanding of the procedures and results
 
obtained for each state.
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6.1.1 Summary of STEP III Procedures 
1) Extraction of Training Data - The first procedure in STEP III 
calls for the extraction of training data from the master 
files created inSTEP II. This is accomplished with 
program EXTRACT whose output is in the form of a POINT 
file where each individual pixel within the training 
fields can be identified and analyzed. 
2) Generation of New Variables - After extracting the original 
data from the master files we have the option of generating 
new variables through transformations performed on selected 
bands from the original data. This isaccomplished with 
program TRANSFORM. For this project, new ratio variables 
were generated by ratioing MSS bands 7 and 5 and bands 5 
and 4. 
3) Initial class Grouping - The user now has the option of 
reordering the training data pertaining to specific classes 
to facilitate the analysis of a subset of these classes. 
This is accomplished with program GROUP. This grouping 
of classes is needed because program sTATQEN-analyzes a 
user specified quantity of data, always beginning at the 
start of e point file. Ifonly part of the classes are 
to be analyzed at any given time, therefore, it is necessary 
that these classes be at the front of the POINT file. The 
reasons for analyzing a subset of classes is discussed 
later in this section. 
4) Analysis of Training Data - Program STATGEN generates 
all of the statistics used in analyzing the training 
data. These statistics include the mean vectors and 
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covariance matrices of classes, a measure of the value
 
of each of the variables in terms of F ratios, an
 
F matrix for measuring the separability of each class
 
from every other class, a within groups correlation
 
matrix to identify the correlation between variables,
 
and a list of a posteriori probabilities for each pixel
 
for every class. These a posteriori probabilities are
 
used in the next procedure to eliminate individual pixels
 
which are degrading the reflectance characteristics of
 
specific classes.
 
At this point many options are available to the user. Ifthe
 
statistical measures of class separability are all satisfied he can
 
return to procedure 3 above and access and analyze the next subset of
 
classes. Ifthe class performances are substandard he may choose one
 
or both of the next two following procedures:
 
5) Cleaning Training Data - Program CLEAN isused as noted 
above to delete anomalous pixels in selected classes.-
Inmany instances we found it desirable to operate 
procedures 4 and 5 in an iterative fashion, until the 
performance of each of the classes was acceptable. In 
other words, as pixels are deleted the mean vectors, 
and covariance matrices (this is the signature for each class) 
are modified and the classification results are usually 
improved. 
6) Combining or Deletion of Classes - At this point program 
GROUP can be used to combi6e classes which are not 
separable, to establish a lower level class or at
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least a class that isa combination of previous
 
individual classes. This program can also be used
 
to delete any class from subsequent-ana-lysi5.­
7) 	Final STATGEN Run - The final step in the detailed analJsis
 
of the training data normally will call for a combination
 
of all classes used in each of the subsets of classes
 
for a combined computation of classification statistics.
 
This isto ensure a minimum of confusion between class
 
subsets.
 
8) 	Calculation of Signatures - After all of the analysis and
 
manipulations performed have been concluded to the
 
satisfaction of the user, program SIGNIT isused to
 
create final signatures for each class for use inSTEP IV.
 
6.1.2 Criteria for Signature Development
 
The most common pattern recognition algorithm, used for classification
 
of multispectral imagery, isthe maximum likelihood or Bayesian decision
 
theory. This algorithm assumes that the radiance values for a given class
 
ina given spectral band will have a Gaussian or normal distribution.
 
Using this assumption, maximum likelihood estimates of the mean vector
 
and covariance matrix values are obtained. These signatures of each
 
class are used to compute the .probability density values for each pixel
 
for each class. That class which has the largest probability density­
value is chosen for that pixel. This is a very powerful and effective
 
decision providing the original assumption of a normal distribution of
 
rddiance values isvalid.
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From the central limitttheorem we recognize that 1) ifeach radiance
 
value isformed by the addition of radiance values from many sources,
 
and 2) if the mixture of radiance sources for a given class are
 
essentially the same for each pixel, then our assumption is valid. For
 
the one acre resolution of LANDSAT the first of the above qualifying
 
statements should be met. Obviously, the radiance value for each one
 
acre pixel is the resultant of the sum of radiation received from hundreds
 
of plants, rocks, and many other materials within the scene. The second
 
statement simply requires that within each pixel, for a given class, there
 
should be approximately the same mixture of plants, rocks and other
 
materials. For most vegetation cover classes the above requirements
 
should be met.
 
Unfortunately, the requirements of the normal distribution assumption
 
were not given sufficient attention at the start of this project and
 
several of the classes selected by the states and analyzed by CSU did not
 
meet these criteria. Inparticular, some of the industrial and commercial
 
classes, such as factory and shopping center, are obviously in violation
 
of the second statement noted above. The spatial extent of roofs,
 
parking lots and lawns,'which are associated with these classes, results
 
in the radiance sources for individual pixels being completely different.
 
For instance, in a shopping center numerous pixels would only contain the
 
roofs of the large buildings. Other pixels would contain parking lots
 
with cars and some pixels might have only grass and trees. This will
 
result in a multimodal class distribution, which violates the assumption
 
-of a normal distribution to the extreme. The effects of these situations
 
were recognized during the analysis of training data and most classes
 
of this type were eliminated or modified to alleviate the problem.
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Figure 6.1 illustrates the effect for a single variable, of the
 
assumption of a normal distribution when the radiance data are not
 
normal. The solid lines ineach part of Figure 6.1 are the true data
 
aistriutions and the dashed lines show the result of assuming a normal
 
distribution. Note that the area under the curves are essentially equal.
 
At position A the true distribution is slightly multimodal, but it is
 
sufficiently close to a normal distribution in shape that the overall
 
effect (of assuming a normal distribution) on classification results
 
should be minor. At position B we have shown a very skewed distribution,
 
which is greatly modified when a normal shape is fit to the data. At
 
position C we have the most drastic situation, where three or four separate
 
classes have been combined into a single class. The probability density
 
function for the combined class is very broad and will undoubtedly cause
 
it to be confused with other classes.
 
Figure 6.2 illustrates similar situations which results for the
 
most part from the improper selection of classes or training data. In
 
each part of Figure 6.2 the solid curves represent the true normal
 
distribution for each of the classes. The dotted curves show the effects
 
of various class or data problems. At A we see the effect of noise on
 
class 2; the effect of inadequate training data to define classes 1 and
 
3 is shown at B; and the effect of combining classes 1 and 3 is illustrated
 
at position C. Beneath each one of these figures we have shown the
 
spectral regions assigned to each class based upon decision boundaries
 
where the probability density curves cross. The first of these represents
 
the decision boundaries and class regions when the correct distributions
 
have been obtained; the second or lower decision boundaries represent the
 
situation when the distribution and/or class selection have not been
 
properly made.
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For instance, at position A, the effect of noise (the noise could
 
come from atmospheric effects, inclusion of data from regions not
 
actually representative of class 2, or equipment noise) has broadened
 
the decision regions for class 2 and restricted the decision regions
 
for classes I and 3. At position B, where improper data for classes
 
1 and 3 has broadened the probability density function'for class 1 and
 
narrowed the distribution for class 3 we see that the decision boundaries
 
for the classes are shifted, and there is a small region of radiance
 
values between class 2 and 3 which will be assigned to class 1. At
 
position C, where classes I and 3 have been combined into a single
 
class, we see that the primary decision region for class 2 has been
 
greatly widened and the decision regions for I and 3 have been greatly
 
modi,fied.
 
Yet another effect of improper category selection arises from the 
mixture of different class variances within a group of classes. In 
Figure 6.3, situation A illustrates a simple bias of decision favoring 
higher accuracy of class 2 at the expense of'greater error for class 1 
(I> 2'). Situation B carries this problem to the extreme. Here we 
have a very broad class (2)and three very narrow classes. In those 
regions where class 2 actually exists, we will see many pixels designated 
as classes 1, 3 and 4 (2 error regions). Similarly, but to a smaller 
degree, some areas of classes 1,3 and 4 will be called 2 (1 , 3 and 
4 error regions). This kind of situation should be avoided by selecting 
classes such that similar variance magnitudes will exist. It is a good 
reason for not designating "mixed" classes, e.g. mixed coniferous and 
deciduous forest. This problem was not fully recognized at the start 
of this project, so state personnel were not instructed to avoid itwhen 
selecting classes and training data.
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It should be obvious that very careful consideration should be given
 
to the consequences of our normal distribution assumption, and that very
 
careful analyses of training data will be required to assure optimum class­
ification results.
 
Assuming that the classes have been properly selected, a great deal of
 
difficulty can still be caused by improper selection and/or location of
 
training fields. For instance, if a single training field for a given
 
vegetation or land use class isselected, this could result in the situation
 
shown in Figure 6.2 position B, where the limited data for class 3 has
 
resulted ina very narrow distribution. This will result inonly certain
 
fields being classified class 3 and in effect does not represent the
 
general land use or vegetation cover class which was desired. This can be
 
corrected only by selection of several representative training fields.
 
Another common problem for many types of classes occurs when the
 
training fields are very small or are overlapping (spatially) with other
 
classes, such that individual pixels may be assigned to the wrong class.
 
This could result in a situation such as shown at position A or C in
 
Figure 6.1. This situati6n can be corrected only by cleaning of the
 
training data, whereby individual erroneous or anomalous pixels are re­
moved. Training data should be cleaned only to the extent required to
 
obtain a reasonable approximation of a normal distribution.
 
Inorder to expedite the cleaning process itis often necessary, or
 
at least desirable, to divide the classes into subsets during initial
 
analyses. Specifically these subsets should include those classes which
 
are likely to occur side by side in the regions being analyzed and which
 
are likely to have similar spectral radiance characteristics.
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6.2 Summary of Training Data Analyses
 
Without exception, each of the states selected some classifications
 
which were not valid. That is,-we should have-known, a-priori, that
 
the radiance values from these classes (such as airport) would not be
 
normally distributed. Furthermore, some classes could not be expected
 
to be separable on LANDSAT images; such as' short vs. long fiber cotton.
 
Other classes, such as fairground and aluminum plant would be site
 
specific, and could not be expected to represent a general ground cover
 
class. Nevertheless, we attempted to analyze these classes, and spent
 
a great deal of time in essentially fruitless efforts.
 
Not all of the efforts were fruitless, however, and to the extent
 
that we learned from this exercise, itwas worthwhile. We-learned for
 
instance that multidate LANDSAT data is capable of distinguishing between
 
individual site characteristics. This actually presents a problem for
 
general thematic mapping, since it is difficult to establish a signature
 
representing a regional land use or ground cover category.
 
We began the analysis for each state with all classes they had
 
suggested (inArizona this was 81 classes). For states with large
 
numbers of classes, these were separated into groups such as agricultural,
 
urban, forest, etc. This permitted an initial analysis of the separability
 
of similar classes. Several runs of STATGEN were necessary to make the
 
final selection of classes to be used. Each class was cleaned of
 
anomalous pixels until classification accuracy of 80% or better was
 
achieved. A few exceptions were permitted for this criteria, but not
 
many.
 
After satisfactory performance was achieved for class groups, all
 
surviving classes were combined to analyze final class separability.
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Some additional modification inclass structures was sometimes needed.
 
The statistics and plots provided by STATGEN were very useful
 
for analyzing class characteristics and training data. Given a more
 
.rapid, interactive mode of operation a very thorough development of
 
class structures and class signatures could be undertaken. Even with
 
the limitations of LMS, a good analysis was achieved.
 
Viable classes, with good separation of training data, were achieved
 
for each state. In no instance could we claim that these were optimal
 
class structures. With time for trial classifications and reselection
 
of training data, much improved results could have been achieved. From
 
our training data analysis we conclude the following.
 
1) a training data manual is needed to achieve
 
good results inminimal time.
 
2) Personnel from the user agencies (having proper
 
training and familiarity with the land use
 
and vegetation of the area) should be on
 
hand during training data analysis.
 
3) 	Class heterogeneities should be small compared
 
to the pixel size. Hence, urban classes should
 
be concrete, macadam, roofing, auto tops, gravel,
 
grass, etc.; they should not be shopping center,
 
industrial, residential, etc.
 
4) An interactive mode of operation ishighly
 
desireable.
 
5) Training data must come from locations distributed
 
over the entire region to be classified, to
 
account for differences inclimate, geology,
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soils, topography, etc. This is particularly
 
important for multidate classifications.
 
APPENDIX D contains a detailed description of the training data
 
analysis for Arizona, Colorado and New Mexico. They are recommended
 
to the reader wishing to gain more insight into the requirements of
 
supervised classification.
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7.0 PROCESSING OF LANDSAT DATA 
Upon the completion of the development of signatures for each land 
use category we were ready to process the LANDSAT data for each 
quadrangle to be classified. This is accomplished in STEP IV of LMS 
using programs MAP and DISPLAY. The inputs to program MAP are 1) the 
mean vectors and covariance matrices which define the signatures for 
each of the classes and 2) the matrix of multispectral and multitemporal 
data for the area to be classified. Since we have assumed a normal 
distribution of spectral values, program MAP calculates the probability 
density function for each pixel using the equation: 
f(X j C) =(2 1 )N/2 1 2  [exp - 1/2 (X )T- I . X-)i (7.1) 
where X is the matrix of data in the spectral, 
temporal and'spatial domains, 
N is the sample size, 
i is the mean vector for class Ci and 
Li is the covariance matrix for class Ci . 
This equation is calculated for each class having a finite probability of 
occurrence within the quadrangle being mapped. For each pixel a decision 
for one class versus another is based.on the simple comparison of density 
values given by 
f (Xj Cl ) 
j. > 1 (decide C1) (7.2) 
f (Xj I C2) 
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There is always the probability, of course, that a given pixel may
 
not belong to any of the categories or classes being considered. A
 
probability density threshold T is used, therefore, to establish a
 
lower threshold,below which a decision will be made to leave the pixel
 
unclassified. This decision algorithm may be expressed by:
 
If f (Xj I Ci) < T (decide none) (7.3)
 
for all i
 
The threshold values, T, are selected on the basis that the probability
 
density values for normally distributed populations of variables will
 
have a Chi Square distribution. Therefore, the values for T are selected
 
from a Chi Square distribution table.
 
Under normal conditions the processing of LANDSAT data (after a
 
proper selection of classes and an adequate development of signatures)
 
becomes routine. Such was not the case for this project. As already
 
noted in previous sections, the selection of classes and the selection of
 
data for the development of signatures left much to be desired in all
 
of the states. In addition to the problems generated by these short­
comings, two new difficulties arose to compound the problems.
 
First, we found that the covariance matrices would not invert, as
 
is required by equation (7.1). Second, we were beset by money problems
 
since the large number of classes and variables raised the cost 'of
 
classification beyond our budget limitations. These problems will be
 
briefly discussed, along with the procedures used in processing the data,
 
in the following subsections.
 
7.1 Matrix Inversion Problems
 
Frequently large matrices will not invert because of one or the
 
other of two common problems. First, if a row or column of a matrix
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is repeated the matrix will not.invert because of the complete correlation
 
between the identical columns or rows. Secondly, a large matrix will
 
often be noninvertable when there is a large difference in magnitude
 
of data values within the matrix. Essentially this second problem arises
 
from a lack of sufficient accuracy in computed values, resulting from
 
limitations in computer word size.
 
Both the problems noted above appeared to exist for the signature
 
covariance matrices developed under this project. We soon discovered,
 
for instance, that none of the matrices would invert when ratio variables,
 
generated by taking the ratio of original LANDSAT variables, were employed.
 
This appeared to be due to the correlation between the generated new
 
variables and the original variables from which they were formed. On
 
other projects we had successfully used ratio variables but these projects
 
used imagery from only one date, thereby reducing the total number of
 
variables and the size of the matrix. Furthermore, the previous projects
 
only involved classes of natural vegetation types. A comparison of the
 
correlation between ratio and original variables for natural vegetation
 
classes and such classes as residential and agricultural crops has
 
shown a higher correlation for the latter classes.
 
Whatever the ultimate cause, it was determined that the matrices
 
would not invert for some classes when ratio variables were included.
 
All such variables were, therefore, eliminated'for the processing of
 
the LANDSAT data. This undoubtedly reduced the separability of certain
 
natural vegetation classes, since we have found that the separation of
 
alm6st all rangeland and certain forest type classes are improved when
 
ratio variables are employed (Maxwell, 1976).
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For certain classes we also found that covariance matrix values
 
covered a range from less than 10 to several hundrdd. This occurred,
 
because during some seasons there would be very little variability jn­
certainsp tral bands, whereas for another time of the year for
 
another variable, the radiance values might become highly variable.
 
These problems were of a very serious nature because whenever the
 
covariance matrix failed to invert properly, the classification results
 
were completely meaningless. This being the first project for which we
 
had undertaken multitemporal analysisof data, we had not previously
 
encountered such difficulties. Not anticipating these problems we had
 
not allowed time for their solution and, furthermore, since other
 
difficulties had already caused project delays we found ourselves with
 
very little time to seek an optimum solution. Within the time available
 
the only solution available was to undertake a modification of the
 
covariance matrices. The first modification has already been noted,
 
this was the elimination of all ratio variables. The second modification
 
essentially involved the modification of signatures.
 
7.2 Signature Modifications
 
We knew from the analysis of the training data that our sample size
 
and the lack of spatial distribution of our samples were probably, at
 
least in part, the cause of both extremely small covariance and extremely
 
large ones. This is merely a matter of having a sample size too small
 
to adequately estimate covariance values. This statement issupported
 
by the fact that these problems did not occur in those states and for
 
those classes where a very large, widely distributed set of training
 
data were available.
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When 	the problem did occur, itwas solved by computing a common
 
covariance matrix for a group of classes having a similar reflectance
 
characteristic. For instance, all of the forest type classes were
 
grouped together (when necessary) to form a common covariance matrix.
 
In this way the sample sizes were increased and an invertible covariance
 
matrix was obtained.
 
Better results would, undoubtedly, have been obtained if there
 
had been time to establish larger sample sizes and a proper selection
 
of classes themselves, in seeking a solution to these problems.
 
7.3 	Classification Tests
 
The cost problem associated with too many classes and too many
 
variables required some extraordinary modifications of our classification
 
algorithm. Ithas been noted that equation (7.3) can be used to set a
 
threshold for discriminant values, below which no class will be selected,
 
Using the same assumption, that the discriminant values should have a
 
Chi Square distribution, the decision function given by equation (7.2)
 
was preceeded by a decision function
 
f (Xi 	I Ci) > T' (decide i) (7.4) 
where the threshold values T' were selected for a 75% probability that
 
the discriminant value belonged to the given Chi Square distribution.
 
Using this combination of equation (7.4), and (7.2), whenever a class
 
satisfied equation (7.4) the decision was made at that point and no
 
additional classes were considered. If no class was sufficiently strong
 
.omeet the requirements of (7.4), all classes were analyzed and the
 
class decision was based upon (7.2).
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This decision algorithm was effective inreducing the cost of
 
classification only if the most probable classes for a given quadrangle
 
were analyzed first. Therefore, small samples of data were used to
 
determine the dominant classes for a quadrangle. Specifically, pixels
 
from every ninth column and every ninth line were selected for the
 
initial analysis to determine the class order to be used in the final
 
data processing. This is called a 9 test.
x 9 After this determination
 
was made we also performed 4 x 4 tests (using every fourth column and
 
every fourth line) to determine which classes could be eliminated from
 
the final processing for a given quadrangle. This test was based on
 
the hypothesis that if a class was not selected for a 6% sample of the
 
quadrangle data (evenly distributed over the quad) that it was unlikely
 
that that class had a significant population within the quadrangle, In
 
effect, we were determining an a priori probability for the occurrence
 
of classes. Those classes whose a priori probability was zero (based
 
on a 4 x 4 test) were eliminated from the final processing of the
 
quadrangle.
 
After all of the tests had been performed and the best selection of
 
classes and class orders had been established, the final processing for
 
each of three quadrangles within each state was undertaken. Insome
 
instances the thresholding decision function, given by equation (7.4),
 
was not used when itwas determined that its performance was giving
 
inconsistent results.
 
7.4 Classification Results
 
A detailed verification analysis and comments about the classification
 
results for each state are, of course, contained inthe final reports
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prepared by each of the states. Inthis section we will comment briefly
 
on the apparent classification results, based on training data, problems
 
encountered and obvious shortcomings of the results.
 
7.4.1 Results for Arizona
 
On the basis of Level I detail, the results for Arizona appeared
 
reasonable and consistent over coherent units of area. 
The aggregation
 
and simplification of desert shrub categories resulted inmore informative
 
and useful results than would have been the case if a finer category
 
structure had been chosen at a cost of reduced accuracy. The more
 
specific shrub classes seemed to show up only in those small 
areas
 
where the local conditions happended to match the training field
 
characteristics. All other shrub combinations were classified as one
 
of the generalized shrub types which constituted a density gradient.
 
Itwas apparent that rock classes were being confused with such
 
development classes as shopping center, mobile homes, and the higher
 
density residential categories. This isnot surprising since most
 
of these represent non vegetated land.
 
Agricultural classes were an exception to the maintenance of areal
 
consistency. Many fields are shown with unlikely combinations of
 
several crops. Field boundaries are usually inaccurate for two reasons.
 
First, the problem of unavoidable within-pixel mixtures resulted in
 
misclassifications. Secondly, spatial filtering tends to spread the
 
boundaries between areas having different radiance characteristics.
 
There were two agricultural types which dominated the final maps.
 
G-apefruit/lemon had an induced similarity to other classes caused by
 
our combination of the two original classes; it showed up along field
 
edges and irrigation canals, in residential areas, and even in areas
 
which look like row crop fields on the orthophotos. Cotton also tend
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to displace many of the other crop types. For instance, whereas our 
graymaps and orthophotos showed a checker board crop mixture, many of 
these areas were classified entirely as cotton. 
... - of development categories was varied in success.-Classification 

Golf courses did well in terms of identifying those areas of homogenous
 
green grass; pasture and alfalfa seemed to cover the rougher grassy
 
areas.
 
Among the residential classes, the single family unit (SFU) types
 
showed surprisingly appropriate distribution with the exception of
 
conission error into barren areas. Commerical and shopping center
 
classes performed in a similar manner to SFU's. Mobile homes were
 
generally classed correctly wherever they existed, but the class was
 
seriously overextended into other areas, producing large commission
 
errors. Power plants and oil refineries were enigmas throughout the
 
Analysis, and showed expected inconsistency. Airport was, for practical
 
purposes, entirely replaced by mobile homes. The factory class did not
 
perform well at all, appearing in anomalous localities such as highway
 
interchanges. The Tempe quadrangle appears to have the best results.
 
As shown in Figure 7.1, the classification map exhibits a high degree
 
of areal consistency. Golf courses, crops, and natural cover classes
 
are all well distributed. The residential types are, for the most part,
 
limited to those areas which appear to be residential on the orthophoto.
 
Commercial zones ($ and Z) are classified inappropriate locations.
 
While factories and other larger scaled developments are badly mis­
represented, the quad as a whole shows the potential for using multi­
temporal satellite data to inventory land use in a highly heterogeneous
 
urban setting.
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Insummary it can be said that the agricultural classification
 
suffered from both a dominance of field conditions within training models
 
and 	a lack of consistent seasonality inthe cropping patterns. Desert
 
vegetation classes performed satisfactorily once simplication was
 
achieved inthe training data analysis stage. Finally, the development
 
classes showed promise where their spatial variability had a texture
 
which was substantially finer than the size of a pixel; where this was
 
not the case, the classification accuracies were degraded.
 
7.4.2 	 Results for Colorado
 
Since CSU conducted the verification program for the Fox Creek
 
quadrangle inColorado, we have more information about the procedures
 
used 	(their strengths and weaknesses) than for any other state. We
 
have, therefore, taken the accuracy analyses for Colorado and presented
 
them 	inAppendix C of this report, which also contains a reduced copy
 
of the map for the Fox Creek quadrangle.
 
The agricultural categories were distributed erratically due to the
 
same problems of multidate definition which we observed inArizona ­
with three dates of measurements defining classes whose phenologies were
 
at best distinct on only one date, our classifier tended to locate the
 
categories according to compound field conditions rather than actual
 
crop type. There were also uncertainties arising from questionable
 
field descriptions, since we depended on farmers' memories for ground
 
truth. Wet pasture was distributed too widely being confused with
 
small towns and possibly other crop types, which were omitted from
 
the training program.
 
The valley floor natural cover classes seemed to perform quite well.
 
Basalt butte, alkaline bare soil, greasewood, riparian grass, and
 
cottonwood all were located incoherent and reasonably distributed patterns.
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Agriculture in New Mexico was represented by either irrigated meadow,
 
alfalfa, or irrigated wheat. The latter was under-represented, and
 
confusion was high between meadow and alfalfa.
 
Inthe northern quadrangles, the predominance of natural cover
 
classified by local signatures yielded results which were encouraging
 
at the Level I/II detail. Pinyon vs. grass/shrub range was particularly
 
well differentiated according to comparisons of results vs. forest
 
tinting (30%) on topographic maps. Within the forest types, major
 
species breakdowns seemed to distribute themselves properly along
 
altitudinal and aspect variations. Herbaceous classes were mapped
 
with noticeable correlation to that portion of the moisture gradient
 
which their training fields exemplified.
 
Guadalupe Mtn. was the highest quality map of the three, with
 
the only serious problem arising from a lack of training on the Rio
 
Grande gorge. There is some question as to exactly what information
 
the sage and pineyon-juniper breakdowns convey, but they nevertheless
 
differentiate between real ground conditions, and to that extent are
 
inherently valuable.
 
Insummary, the mapping performance within a class was so variable
 
from quadrangle to quadrangle, that any single conclusion or accuracy
 
estimate would have to be qualified by regional variation descriptions.
 
Verification of the New Mexico results will be complicated manyfold
 
by this need for careful stratification.
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7.4.4 Results for Utah
 
The classification results for Utah appeared to be quite reasonable
 
and satisfactory. It was obvious that in the urban areas the residential,
 
commercial, and industrial classes were being confused amongst themselves
 
and with certain other classes. One of the industrial classes, for
 
instance, showed up in the mud flats of Salt Lake, where no industry
 
existed. Apparently the reflective characteristics of the mud flats was
 
similar to concrete and macadam. Inthe final analysis, some urban
 
classes were not used in processing the data since itwas apparent
 
that the accuracy of classification was going to be too low to be of
 
any value.
 
Classification of agricultural crops and natural vegetation cover
 
types appeared to be ingood order. Inthe Dromedary Peak quadrangle
 
for instance, itwas noted that the different vegetation types seemed to
 
be found primarily in fairly large homogeneous regions.
 
The division of the classes inthe Dromedary quadrangle into sub­
classes based on slope and aspect was quite successful. By assigning
 
the same symbol to the subclasses, the final map products looked quite
 
reasonable, based on the information obtained from the training data.
 
We did find it necessary to use modified signatures (average
 
covariance matrices) to obtain satisfactory results.
 
7.4.5 Results for Wyoming
 
The initial classifications for Wyoming were very poor. Itwas
 
apparent even from a preliminary examination that the selection of classes
 
and the selection of training data had not been adequate to achieve
 
satisfactory results.
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Itshould be noted that the Wyoming report was based on these initial
 
results, and does not, therefore, represent an assessment of the true
 
potential of multidate LANDSAT processing. This was particularly true,
 
since the key quadrangle for Wyoming, the Buffalo quadrangle, was
 
probably the poorest of the three that were processed.
 
Because of the obviously bad results obtained for the Buffalo
 
quadrangle, a decision was made to obtain new training data for a
 
new selection of classes for that quadrangle and to reprocess the data.
 
This reprocessing was completed just a short time before the completion
 
of this report and shows very satisfactory classification results.
 
Unfortunately, these results were not available in time to be included
 
inthe Wyoming state report.
 
The classes for the repeat analysis of the Buffalo quadrangle
 
included nonirrigated and irrigated rangeland and hay fields segregated
 
according to productivity or biomass values. These production classes
 
or range condition classes performed quite well and show the effects
 
of over grazing and availability of irrigation water.
 
All of the classes were included in the final processing of the
 
Buffalo quadrangle, no signature modification was necessary, and only
 
equation (7.2) was used for a decision algorithm. The final map for
 
Buffalo isshown in Figure 7.2.
 
These classification results for Buffalo appear to be quite
 
reasonable and conform to known land use inthis quadrangle. The
 
results based on the original training data were not of this quality.,
 
Because these results were accomplished after all other work had been
 
completed, there was no opportunity to field verify their accuracy.
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Using the new training data, a classification mp for Buffalo was 
prepared from LANDSAT data for July 25, 1974. This single date map 
@ is We cannot say with absolute certainty thathown in Figure 7.3. 

the multidate results are more accurate than the single date. The
 
multidate map shows less salt and pepper noise, however, and probably
 
represents a significant improvement.
 
7.4.6 	 Results from Montana
 
The initial results for Montana, using the training data supplied,
 
were not satisfactory. Itwas apparent that several land use/vegetation
 
cover classes had been overlooked. New classes were added, based on
 
graymaps and other information, and the classifications were redone.
 
Thus, by using a combination of supervised and unsupervised selection
 
of training data for Montana, reasonable classification results were
 
obtained. They undoubtedly do not represent the best results that
 
* 	 could be obtained from LANDSAT multidate processing, however, and
 
this fact should be kept inmind when reading the Montana state report.
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8.2 Collection of Ground Truth Verification Data
 
Methods used to collect the ground truth for this project ranged 
from the use of vegetation type maps from the Forest Service, to 
photointerpretation of aer-ial photography, to the-use af actual-onsite ­
visits. Therefore, there is every reason to believe that the accuracy 
of the verification data itself was probably quite variable: Insome 
cases the verification data was obtained at the same time that training 
data was obtained, and inother cases the verification data was collected 
after the classification work was finished. Neither method isentirely 
satisfactory, a simultaneous collection of verification and training 
data probably biases the verification results towards a favorable
 
report, whereas collection of the data after classification is completed
 
may result in a more negative result than is deserved, because of
 
differences in criteria for selection of class fields.
 
Accurate ground location of individual one acre LANDSAT pixels
 
also presents verification accuracy problems. Without an extremely
 
time consuming and expensive surveying of verification site locations, it
 
is virtually impossible to know for sure that the pixels being compared
 
are from the same location. This is the reason that 10 acre cells were
 
used for the verification results of this project. Even though the
 
individual pixels within the 10 acre cells might be suspect, the
 
location of the 10 acre cell itself was assumed reasonably accurate.
 
8.3 	Accuracy Analysis
 
To obtain a complete analysis of the accuracy of the results from
 
this project itwas desirable to assess the accuracy at the highest
 
level of classification and at lower levels as classes were aggregated.
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For the most part, confidence limits were not assigned to the
 
verification results, but itcan be said that, almost without exception,
 
sample sizes were too small to achieve a high degree of confidence in
 
the accuracy figures. Furthermore, the variability of sampling schemes
 
and analysis methods makes itvery difficult, ifnot impossible, to
 
compare results from state to state. In reading the state results,
 
careful consideration should be given to the indicated sample size.
 
According to Hord and Brooner (1976) a sample size of at least 50 is
 
desireable. Since, inmany instances, the accuracy figures are based
 
on sample sizes of less than 10 we must treat the results with a great
 
deal of caution. Nevertheless, some indication of the performance of
 
the LANDSAT analyses is provided.
 
Accuracy verification for the Fox Creek Quadrangle in Colorado
 
used the randomly selected 10 acre cells. Field examination was
 
used to determine the actual vegetative cover within the cell. The
 
results of this verification are given inAppendix C.
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9.0 SUMMARY
 
As might be expected for a project of this type, the results were
 
a mixture of good and bad. The most disappointing aspect of the project
 
stems from our inability to achieve the maximum capability from the
 
LANDSAT imagery. This inability to maximize the results was caused by
 
lack of communications, inexperience on the part of all project participants,
 
and the lack of time and funds to correct deficiencies which were noted
 
during the first processing of the data. Even with the most experienced
 
personnel, an iterative mode of operation allowing for modification
 
of classes trained and processing methods isrequired to achieve the
 
best results.
 
On the positive side, the discrimination capability of multidate
 
LANDSAT imagery was very encouraging. Separation of forest species,
 
residential types, vegetation density/condition classes and many other
 
Level III types appears to be possible.
 
Although there are technical questions which remain to be answered,
 
the largest question is one of how to achieve operational status. LANDSAT
 
and other remote sensing systems can provide useful information for land
 
use planners and natural resource managers. We have yet to accomplish
 
a mode of operation which istimely, cost effective and consistently
 
reliable. This summary will address the achievements and the problems
 
encountered on this project and will conclude with recommendations for
 
action designed to draw us closer to a satisfactory mode of operation.
 
9.1 LMS EFfectiveness
 
DATA HANDLING
 
The data handling capabilities of LMS are not entirely satisfactory.
 
The obtaining of given portions of data in the desired format for the
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different steps of LMS are time consuming and still leave too many "
 
opportunities for human error. Even though this system has achieved
 
an order of magitude improvement over the old RECOG or LARSYS type
 
system, it still fall-s far short-of the capability of interactive systems.
 
CSU now has an interactive computer capability and as time and funds
 
permitan improvement in the data handling capabilities will be sought.
 
GEOMETRIC CORRECTIONS
 
The geometric corrections achieved by LMS appeared to be adequate
 
for quadrangle size areas. If itwere desired to correct and display
 
an entire scene as a single image itis doubtful that these corrections
 
would be adequate. In general, however, the geometric correction
 
capability of LMS is quite flexible and effective.
 
RADIOMETRIC CORRECTIONS
 
The only radiometric correction which LMS had during this project
 
was in the form of low pass filtering. This achieved some correction
 
for radiometric banding, but itwas not adequate to correct serious
 
problems of this type. Future modifications of LMS should provide for
 
banding correction and for removal of atmospheric effects. A recent
 
modification of LMS, not available during the lifetime of this project,
 
provides for the replacement of missing pixels or entire missing scan
 
lines.
 
SIGNATURE DEVELOPMENT
 
LMS has excellent flexibility for computing training data statistics
 
and inmodifying and correcting that data to achieve the best signature.
 
The speed and efficiency of carrying out these operations, however,
 
leaves something to be desired. Again a more truly interactive mode
 
9-2
 
of operation with LMS might correct this deficiency.
 
CLASSIFICATION ALGORITHM
 
The classification algorithm of LMS isas effective and accurate
 
as any other software system currently being used. Itemploys a maximum
 
likelihood algorithm which could be easily modified to use a priori
 
probabilities and other weighting factors to achieve the best accuracy
 
possible. Being a software system itis not as fast and cost effective
 
as hardware systems, but this is probably its only serious deficiency.
 
DISPLAY
 
The display capability of LMS, being limited to microfilm or line
 
printer types of output, isdeficient primarily in terms of product
 
appeal. Technically the LMS products are as accurate and useful 
as
 
products supplied by any system, but we cannot ignore the appeal of
 
photographic color displays, which LMS cannot produce. Incorporation
 
of some sort of a color display capability with the system is highly
 
desirable.
 
9.2 LANDSAT as a Land Use Mapper
 
All indications from this project and other projects of a similar
 
nature indicate that LANDSAT has the capability of mapping land, use,
 
whenever such use affects the land cover characteristics in a consistent
 
manner. When the land use does not affect land cover characteristics,
 
LANDSAT is,of course, of no value. From the comments received from
 
the state participants associated with this project, this appears to be
 
a serious limitation from their point of view. Inmany instances, state
 
and local organizations are more concerned with ownership and activity
 
characteristics of land use than with those characteristics which affect
 
land cover. Inother words, they would like to know not that an area
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is covered with grass and trees, but whether it is used as a golf course,
 
cemetery, park, pasture or some other activity.
 
Clearly LANDSAT promoters are faced with a need to communicate
 
more effectively the potential benefits of LANDSAT data, in order to
 
obtain the support from state and local agencies which will be needed
 
before an operational status will be achieved. This will be considered
 
again under recommendations.
 
All in all, the results from this project show that many land cover
 
characteristics can be classified using LANDSAT data. The use of multidate
 
classification enhances this capability under many circumstances. Although
 
we need to learn more about the temporal characteristics of vegetation
 
type and land use (including activity types of land use) to maximize
 
the potential from multidate processing this project has shown that the
 
capability is there.
 
It is important for all participants in this project to realize that
 
the maximum capability from multidate LANDSAT imagery was not achieved,
 
because of the factors considered above. In the one instance when we had
 
the opportunity to retrace our steps, obtain a better selection of classes
 
and better training data to represent them, we achieved very satisfactory
 
results. This was accomplished for the Buffalo, Wyoming quadrangle,
 
after the preparation of the Wyoming State final report. In this one
 
instance we also had the opportunity to compare the multidate results
 
with single date classification using the best single date possible for
 
classifying the land uses in the Buffalo quadrangle. The multidate
 
classification was clearly superior. A quantitative evaluation of the
 
superiority interms of accuracy of classification has not been made,
 
but it is apparent from a side by side comparison that the multidate
 
map is more consistent with known land uses in the quadrangle. We
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should note, however, that the single date classification results
 
themselves appear to be quite satisfactory.
 
9.3 Recommendations
 
CLASS SELECTION
 
To achieve the most effective results from LANDSAT data it is
 
important that careful consideration be given to the requirements imposed
 
by the assumption of a normal distribution of radiance values. This
 
assumption requires that the radiance detected by the satellite sensors
 
should come from the same mixture of materials on the ground for each
 
pixel within a given class. Hence, the heterogeneities within a class
 
must be small compared to the pixel size. This, and considerations of
 
the reflectance characteristics of materials, should be used as a guide
 
in the selection of classes at the outset of any project. Problems
 
associated with improper selection of classes isundoubtedly a major
 
factor inthe current popularity of unsupervised, clustering modes of
 
operation. The unsupervised, clustering mode of operation automatically
 
takes into account the factors noted above.
 
Total dependence on unsupervised clustering, however, will increase
 
the problem of convincing users that LANDSAT can provide useful
 
information for their applications. Ifwe have had difficulty in
 
convincing state and local agencies that land cover of known categories
 
are of value, what chance will we have of convincing them that sdme
 
unknown and changing set of land cover characteristics can be fit into
 
their scheme of operations? Furthermore, the, distinct advantages of
 
multidate classification could well be lost by an unsupervised, clustering
 
type of analysis.
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The preparation of a class selection and training data manual
 
might help to eliminate some of the problems which stem from improper
 
class selection.
 
TRAINING DATA SELECTION
 
Similar to the problems of class selection, the selection of
 
training data by inexperienced and untrained personnel can detract
 
greatly from the results achievable with LANDSAT data. The preparation
 
of a manual, clearly defining the requirements for training data (to
 
optimize final mapping results) is highly desirable.
 
SIGNATURE DEVELOPMENT
 
Considerably more research needs to be done relative to signature
 
development and the optimization of both the supervised and unsupervised
 
algorithms. Although interactive modes of operation, which depend on
 
testing the classification results, are generally quite effective, we
 
cannot depend on such methods ifwe are to achieve repeat results for
 
essentially the same classes, at different times, indifferent locations.
 
Much research is under way at the present time relative to signature
 
extension and signature problems in general, so there isreason to
 
believe that many of these problems will be solved in the near future.
 
SOFTWARE DOCUMENTATION
 
Documentation of the LMS software isan absolute requirement
 
before itcan be used effectively by other organizations. Its use even
 
at CSU ishampered by the lack of adequate manuals to train new personnel,
 
as they begin use of the system. CSU will encourage the use of this
 
system by other organizations and will make itavailable to anyone
 
desiring to incorporate it into their computer operations. This cannot
 
be effectively accomplished,,however, without adequate documentation.
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OPERATIONAL MODES
 
Much work remains to be done before routine use of LANDSAT data
 
will be accomplished in a timely and cost effective manner, with ,
 
output products being enthusiastically received by the land use planner
 
and natural resource manager. This establishment of standard training
 
site locations for those land uses and vegetation cover categories most
 
frequently used could be an important factor in achieving more timely
 
operations and more reliable results.
 
Perhaps as important as any change which we could make in our
 
use of LANDSAT would be an improvement in the output products, to make
 
them more palatable to the users. This could be accomplished inmany
 
ways, but perhaps one of the most important would be to provide the
 
user with an output product generated from LANDSAT information combined
 
with digitized information relative to land ownership, zoning and
 
activity types of information. Inother words, we are suggesting that
 
instead of asking the users to learn to digitize their other sources of
 
information and combine them effectively with LANDSAT products, that
 
this should be done by the organizations generating the LANDSAT products.
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APPENDIX A
 
Written Instructions to the States for
 
Training Site Selection
 
May 9, 1975
 
MEMORANDUM 
TO: Lead Agency Representatives (LAR's) 
FROM: E.L. Maxwell, CSU 
SUBJECT: Selecting Training Sites - Instructions. 
Computer classification of ERTS images will be accomplished with a
 
Bayesian-maximum likelihood algorithm. This method requires a
 
statistical description of each class interms of the variables
 
to be used for classification (inthis instance, the variables
 
are reflectance values for each ERTS band). Specifically, we
 
calculate the mean vector and covariance matrix for each class,

using a sample of ERTS data taken from known training sites. This
 
establishes a recognition signature for each class. Obviously, it is
 
absolutely necessary that the training sites be very representative

of the classes. Past experience has revealed numerous problems
 
encountered during selection of training sites and the subsequent

classification of images. A discussion of the problems and potential

solutions may help each of you overcome such difficulties.
 
Problem 1 - Variability of Classes
 
Residential is residential is residential, but a new subdivision with
 
no trees and few lawns isgoing to look not at all like an old
 
established residential area. Similarly, an area of apartment houses
 
will appear different from clustered houses ina city subdivision,
 
which will also not look like a 1 to 2 acre suburban development.

Under the residential class, therefore, we will need training sites
 
representing each of the subclasses or variations likely to be
 
found within the class.
 
Now you may say this is really not a problem - rather it is'an indication
 
of an ability to do level III classifications. Inpart this may be
 
correct, but we cannot properly assess this potential or problem unless
 
we have training sites for typical variations found within the class.
 
It isnecessary, of course, that you carefully define and describe
 
each training site.
 
Obviously the same problem/potential exists for all of the classes in
 
the April 9 list. You must decide how serious the problem or potential

is for your state. If it is not significant for a given class, you may
 
want to provide training sites which include all of the variability

for that class, e.g., a large region containingall types of irrigated
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crops could be used for a training site to recognize Cropland - irrigated.
 
This isan acceptable alternative. You cannot, however, provide training
 
sites of lodgepole pine and expect the computer to recognize all types of
 
evergreen forest.
 
Problem 2 - Slope-Aspect Effects
 
Both the angle of incidence of solar radiation and the look angle of the
 
satellite affect the apparent reflectance of a land cover class. If
 
this were not so, we could not "see" topography on a shaded relief map
 
nor could an artist achieve 3-D effects on a 2-D picture. For slopes
 
less than 3%, the effect on classification accuracy will be small. For
 
larger slopes the effect may be significant. Hence, inmountainous
 
regions, training sites for a given class or subclass should include all
 
slopes and aspects on which the class occurs. I am not asking for
 
detailed delineations of sites for specific slopes and aspects. Simply
 
this - if lodgepole pine occurs on north, south, west and east slopes,
 
include these in the sites selected. This might be just one large site
 
encompassing all sides of a mountain, or itmight be several sites on
 
the slopes of several mountains. We will determine the slope and aspect
 
from the maps on which you plot the sites. I have generally found it
 
impossible to design specific slope and aspect categories to be used.
 
Ingeneral, I would recommend use of four aspect categories (N,S, E,W)

and two or three slopes (less than 30%; greater than 30%). Beyond

these general suggestions I defer to your judgment.
 
Problem 3 - Density and Background Effects
 
The crown density of a forest obviously will affect its reflectance
 
characteristics. The effect of density will likewise be affected by the
 
type of understory beneath the trees. Again, this could be a problem
 
or a potential capability. It is a problem ifwe simply want to identify

ponderosa pine regardless of whether we have 30%, 50% or 90% crown
 
density. It is a potential capability ifwe want to estimate board feet
 
or the suitability of the understory for grazing, recreation, etc.
 
Similar problems exist for grasslands and brushlands. Background effects
 
include soils, of course, since soil color will affect the spectral
 
reflectance characteristics, whenever it is visible through the vegetation.

As for problem £11, you must decide the significance of this problem/
 
potential for your two-state region. The significance will determine
 
whether you select training sites with specific selected densities and
 
understories or sites with mixed densities for common classification.
 
Problem 4 - Training Site Size and Location
 
For a specific subclass of given slope/aspect/density/understory, we
 
need sites totalling at least 30 acres, e.g., one 30 acre site or six
 
5 acre sites. Thirty acre and larger sites are locatable on the ERTS
 
imagery under just about any situation. Small five acre sites may be
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difficult to locate unless they meet one or more of the following criteria:
 
1. 	They are a very dark or bright feature which stands out,
 
such as a lake, a sandy river bottom, etc.
 
2. 	They are near an easily identifiable feature such as a
 
highway crossing, a lake, a river, etc.
 
Sites smaller than five acres should not be selected. Furthermore, long,
 
narrow sites should have a minimum width of 300 feet, because of the 260
 
foot 	separation between scan lines on the ERTS images.
 
Problem 5 - Changing Land Use
 
ERTS imagery will be available for some sites from August, 1972 to the
 
present. We cannot afford imagery for each year. Therefore, ifyou are
 
locating test fields for crops, you should determine the crop type for
 
each year (72, 73, 74, 75) if at all possible or if that information
 
isnot available, identify the year for which the crop type applies.

Similar problems may exist relative to timber harvest areas, new
 
housing developments, etc. We will notify you as soon as we have
 
determined on which dates imagery is available.
 
Problem 6 - Procedures for Selecting Sites
 
We have used air photos, high altitude and low and we have driven and
 
walked through areas to select sites. Both are acceptable procedures.

The only problem with using air photos relates to the problem of
 
changing land use. Old photos may be incorrect even in forest areas
 
due to natural succession of species, timber harvest and fires.
 
You cannot wait on the new high altitude photography to be obtained
 
from NASA. This will not be available in time for training site selection
 
(itwill be used for exhausting classification results).
 
We will need all training sites to be located on 7 1/2' quad maps as
 
shown on the attached sample. These should be annotated to indicate
 
land use class and numbered for reference to ancillary information
 
describing the site. We have found it useful to set up a data form
 
for recording such information. Please supply maps and ancillary
 
information.
 
By now you are probably about ready to abandon ship' You know you cannot
 
possibly select good training sites for all of the possible variations
 
and conditions noted above. Similarly, I know that ifall six states
 
should give us that many sites for all classes, we could never analyze

all of them.
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Nevertheless, if each of you keep inmind the criteria and effects noted 
above, you can make your selection of sites the best possible for the 
time and funds available. Also, you can accurately describe the sites 
and make note of variations or conditions not included. This will help 
you and us when we set out to evaluate classification results next year.
Also, itwill ensure accurate and meaningful assessment of results, 
both the successes and. the -fa-i-lures-- -.....-.­
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APPENDIX B
 
APPENDIX B contains the Table of Contents' for the Internal
 
Maintenance Specifications Manual, User's Guide and the Training Site
 
Manual to be used with the Landsat Mapping System (LMS). These manuals
 
were not prepared under this contract. There preparation is recommended
 
for future work.
 
Internal Maintenance Specifications Manual
 
Landsat Mapping System
 
Table of Contents
 
PART I. Overview
 
Chapter 1 - Introduction
 
1. LMS and Remote Sensing
 
2. The why and what of its use.
 
Chapter 2 - Theory of Remote Sensing Classification Analysis
 
1. Multispectral Scanners
 
2. Geometric Transformations
 
3. Multivariate Pattern Recognition
 
a) Multivariate statistics
 
b) Signatures
 
c) Bayesian Decision Theory
 
4. Class selection and signature development
 
5. Data preprocessing
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Chapter 3 - The Landsat Mapping System 
1. 	System Flowchart and Introduction
 
2. 	STEP I - Introduction and Flowchart
 
a) objectives sought
 
b) results
 
3. 	STEP II - Introduction and Flowchart
 
a) objectives sought
 
b) results
 
4. STEP III - Introduction and Flowchart
 
a) objectives sought
 
b) results
 
5. 	STEP IV - Introduction and Flowchart
 
a) objectives sought
 
b) results
 
PART II. General Internal Description
 
Chapter 4 - Philosophy of Implementation
 
1. 	File flow - general
 
2. 	System requirements - hardware and software
 
Chapter 5 - System Flow
 
1. Flowcharts ­
a) System - file flow
 
b) STEP I
 
c) STEP II
 
d) STEP III
 
e) STEP IV
 
2. Internal linking of steps.
 
Chapter 6 - Control Features 
1. 	STEP I
 
2. 	STEP II
 
3. 	STEP III
 
4. 	STEP IV
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Chapter 7 - Routines common throughout LMS
 
1. 	Character Routines
 
2. 	Packing and Unpacking routines
 
3. 	Free format Input module.
 
Chapter 8 - In-House Routines that must be replaced or converted
 
1. 	Input/output FILEI0
 
2. 	Sort routines SORT64
 
3. 	Other Compass routines
 
Chapter 9 - Word size alterations
 
PART III. Program Description
 
Chapter 10 STEP I
 
I. 	Linkage of step
 
a) control stream for CDC, Scope 3.3.
 
b) features required to link step.
 
2. 	CONVERT
 
a) Program Name or ident
 
b) Programmer
 
c) Function of program
 
d) Narrative Description
 
e) flow chart
 
f) Variable Dictionary
 
g) Entry points
 
h) called Routines
 
i) External Constants
 
j) called by
 
k) Input call description
 
1) Output Description
 
m) Error conditions
 
3. 	ROTATE
 
a) a-m (1c) above
 
4. 	FILTER
 
a) a-m above
 
5. 	DISPLAY (GRAYMP)
 
a) M above
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Chapter 11 STEP I 
1. Linkage of step
 
a) control card stream for CDC, Scope 3.3.
 
b) Features requied to link step.
 
2. TRIM
 
a) a-m above
 
3. COMBINE
 
a) M above
 
Chapter 12 STEP III
 
1. Linkage of STEP
 
a) control card stream to run, CDC, Scope 3.3.
 
b) Features required to link step.
 
c) limitations
 
2. 	EXTRACT
 
a) M above
 
3. TRANSF2
 
a) M above
 
4. GROUP
 
a) M above
 
5. CLEAN
 
a) M above
 
6. CLASIFY
 
a) M above
 
7. OVERLAY
 
a) M above
 
8. SIGNIT
 
a) M above
 
9. PRIPUN
 
a) M above
 
10. 	 DISPLAY (GRAYMP)
 
a) M above
 
Chapter 13 STEP IV
 
1. 	Linkage of STEP
 
a) control card stream to run, CDC, Scope 3.3.
 
b) Features required
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Chapter 13 STEP IV
 
2. TRANSF2
 
a) M above
 
3. MAP
 
. a) M above
 
4. DISPLAY
 
a) M above
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User's Guide
 
Landsat Mapping System
 
Table of Contents
 
PART 	I. Overview
 
Chapter 1 - Introduction
 
1. 	LMS and Remote Sensing
 
2. The why and what of its use.
 
Chapter 2 - Theory of Remote Sensing Classification Analysis
 
1. 	Multispectral scanners
 
2. 	Geometric Transformations
 
'3.	Multivariate Pattern Recognition
 
a) Multivariate statistics
 
b) Signatures
 
c) Bayesian Decision Theory
 
4. 	Class selection and signature development
 
5. Data preprocessing
 
Chapter 3 - The Landsat Mapping System
 
1. 	System Flowchart and Introduction
 
2. 	STEP I - Introduction and Flowchart
 
a) objectives sought
 
b) risults
 
3. 	STEP II - Introduction and Flowchart
 
a) objectives sought
 
b) results
 
4. STEP III - Introduction and Flowchart
 
a) objectives sought
 
b) results
 
5. 	STEP IV - Introduction and Flowchart
 
a) objectives sought
 
b) results
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PART II Operational Procedures
 
Chapter 4 
 I
- STEP I 

1. 	Introduction
 
2-.-- CONVERT
 
a) General Description
 
b) Order of Cards in Job Deck
 
c) Card Preparation (Format)
 
d) Tape Input and Output files
 
e) Sample Run of program
 
3. ROTATE
 
a) a-e above
 
4. 	FILTER
 
a) a-e.above
 
5. DISPLAY
 
a) a-e above
 
6. Sample Decks of Combined Runs
 
a) Auto STEP I complete
 
b) STEP I in manual mode complete
 
c) Running CONVERT and ROTATE
 
d) Running CONVERT, ROTATE, and DISPLAY
 
e) Running CONVERT, and DISPLAY
 
Chapter 5 -,STEP II
 
1. 	Introduction
 
2. TRIM
 
a) General Description
 
b) Order of Cards inJob Deck
 
c) Card Preparation (Format)
 
d) Tape Input and Output files
 
e) 	Sample Run of program
 
3. COMBINE
 
a) a-e above
 
4. Sample Decks of Combined Runs
 
a) Trim and Combine
 
b) Traim, Combine and Display
 
5. 	Use of Ancillary Data
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Chapter 6 - STEP III 
1. 	Introduction
 
2. EXTRACT 
a) a-e above 
3. 	 TRANSF2 
a) a-e above 
4. GROUP
 
a) a-e above
 
5. 	CLASIFY
 
a) General Description
 
b) Order of Cards in Job Deck
 
c) Card Preparation (Format)
 
d) Tape Input and Output files
 
e) Sample Run of Program
 
6. CLEAN
 
a) a-e above
 
7. OVERLAY
 
a) a-e above
 
8. DISPLAY
 
a) a-e above
 
9. 	PRIPUN
 
a) 	a-e above
 
10. 	 SIGNIT
 
a) a-e above
 
11. 	 Sample Decks of Combined Runs
 
a) EXTRACT, TRANSF2
 
b) EXTRACT, TRANSF2, and CLASIFY
 
c) EXTRACT, TRANSF2, and Group
 
d) GROUP, CLASIFY
 
e) GROUP, CLEAN, CLASIFY
 
f) CLEAN, CLASIFY
 
g) OVERLAY, DISPLAY
 
Chapter 7 - STFP IV
 
1. 	Introduction
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Chapter 7 - STEP IV 
2. TRANSF2
 
a) General' Description
 
b)- Order of Cards in Job Deck
 
c) Card Preparation (Format)
 
d) Tape Input and Output Files
 
e) Sample Run of Program
 
3. MAP
 
a) a-e above
 
4. 	DISPLAY
 
a),-,a-e above
 
5. Sample Decks.of Combined Runs
 
a) TRANSF2, MAP
 
b) TRANSF2, MAP, DISPLAY
 
c) MAP, DISPLAY - Classification Map
 
d) TRANSF2, DISPLAY - Ratio Map
 
PART 	III. Operational Strategies and Criteria
 
Chapter 8 - Introduction
 
1. Summary and Structure of Part III
 
Chapter 9 - STEP I
 
1. 	Purpose of Step
 
2. 	Data Acquisition - EROS/other sources
 
3. 	Automatic STEP I
 
a) strategy and decision criteria
 
b) operational options
 
c) parameter selection
 
4. 	Manual'STEP I - Options and Decisions
 
a) Data conversion - ERTS to RECOG
 
b) Geometric'corrections - ROTATE
 
c) Spatial Filtering
 
d) Data Mapping - DISPLAY
 
5. Sample Deck Structures
 
a) Automatic STEP I
 
b) Manual STEP I
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Chapter 10 - STEP II 
1. 	Purpose of STEP
 
2. 	Data Sources
 
3. 	Trimming of data files - TRIM
 
4. 	Combining of Trimmed files - COMBINE 
5. 	Retrimming of combined file - TRIM 
6. 	Mapping of data files - DISPLAY
 
7. Sample Deck structure and resulting output 
Chapter 11 - STEP III 
1. 	Purpose of STEP
 
2. 	Extracting training data
 
3. 	Variable transformations
 
4. 	Establishing class subsets.
 
5. 	Class modifications and signature development
 
a) class performance criteria
 
b) class universe definition
 
c) Analysis of variables
 
d) Evaluation of training data
 
e) Signature evaluation
 
f) 	Signature definition
 
6. Optimization strategies and procedures 
Chapter 12 - STEP IV 
1. 	Selection of variable
 
2. Performance tests
 
3,. Operating Options
 
4. 	Thresholding
 
5. 	Display Options
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Training Site Manual
 
Table of Contents
 
Chapter 1 - Introduction
 
Chapter 2 - Pattern Recognition Concepts
 
1. Photo Interpretation
 
2. Optical-Density Slicer
 
3. Digital-Computer Analysis
 
4. Training Data Defined
 
Chapter 3,-.Selection of Classes (Categories)
 
1. Photo Interpretation Criteria
 
2. Irradiance/Reflection Criteria
 
3. Spectral Characteristics
 
4. Application Requirements
 
5. Effect of Normal Distribution Assumption
 
a) Normal Distribution Defined
 
b) Occurrence in Nature
 
c) Central Limit Theorem
 
d) Spatial and Spectral Resolution Effects
 
e) Mixed Classes - Vegetation
 
f) Industrial - Residential Classes
 
g) Class Gradation - Density etc.
 
h) Examples of Good and Bad Class Selections
 
6. Importance of Hierarchy
 
7. Past Experience
 
8. Summary of Criteria
 
Chapter 4 - Selection of Training Sites 
1. Site Variabilities
 
a) Slope - Aspect
 
b) Soils
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c) Species Mix
 
d) Crown Density
 
e) Landscaping
 
f) Crop Vigor
 
g) Iterate Class Selection
 
2. Number of Fields per Class
 
3. Quantity of Data per Class
 
4. Use of Aerial Photos
 
5. Field Verification and Selection
 
Chapter 5 - Training Field Documentation
 
1. Photo/Map Annotations
 
2. Standard Annotation Format
 
3. Descriptive Data of Importance
 
Chapter 6 - Mapping Verification
 
1. Additional Requirements
 
a) Class consistancy
 
b) Sampling Statistics
 
c) Quantity of Data
 
2. Documentation
 
3. Other Classes (Not to be mapped)
 
Chapter 7 - Step-By-Step-Procedures
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APPENDIX C
 
ACCURACY VERIFICATION FOR COLORADO
 
Methods
 
One man week of field time was expended inobtaining ground truth
 
classifications at randomly located 10 acre plots. The 3x3 cellular
 
breakdowns of each plot were characterized interms of the class
 
universe used in LANDSAT processing of the quadrangle. This ground
 
truth data was gathered using verification data forms called V-2 forms
 
(Figure Cl). Slope-aspect and tree/shrub crown closure were also mapped
 
to help explain at a later date any individual case anomalies. Our
 
assessment process was one of collective performance measurement, so that
 
these ancillary data plots have not proved essential.
 
Fox Creek quadrangle is characterized by stable, natural cover types
 
whose change over the two years since LANDSAT coverage isminimal. Several
 
agticultural determinations were necessary, but for the most part itwas
 
assumed that the current cover-type existed at the time of imaging.
 
,On certain plots precise location was impractical. The procedure
 
was then to expand the area to a 25 acre plot (5x5 cellular breakdown)
 
and to map its V-2 criteria. This approach was justified, since in
 
utilizing 3-date multiseasonal files, a three pixel row can contain
 
information from a five pixel strip due to uncontrollable inaccuracy
 
in date to date registration.
 
There were plots which contained cover types not included inthe LANDSAT
 
classifications. Riparian shrub isone example. Itwas excluded because
 
training locations of sufficient areal extent were non-existent. It
 
was usually misclassified-as meadow.
 
All mixed situations weremapped on the V-2 forms according to the most
 
prominent component, with subscripts describing associated components.

If the LANDSAT classification did not match the specified dominant class,

the pixel was wrong. Inevenly mixed situations, any of the codominants
 
was considered a correct choice.
 
Seasonal changes were not a problem in the Fox Creek test quadrangle,
 
because there was no shift in actual class throughout the year. The
 
seasonal phenologies of the various natural communities undoubtedly
 
created patterns which enhanced their separability. However, it is
 
possible that with three dates the training sites were overdefined to
 
create signatures which were too site-specific and did not adeqdately
 
represent the variation of the entire class type throughout the seasons.
 
It is suggested, therefore, that the number of training sites per class
 
should be increased as the number of different dates increases.
 
Comments
 
Itwas not possible to field map all 265 verification plots. Field
 
representatives did visit 145 plots chosen for their comprehensive
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FORM V-2 LAND USE VERIFICATION State __ 
Quad 
Plot # 1-37 A . 
Land Use / Cover 0U 6 Crown Density of 
Divide area as FCD 
needed and code Divide area same
 
each portion. r as Land Use plot.
 
Use only codes Use peak of growing

from V-i list, :F s /season. Estimate 
plus "other ic O % coverage by trees 
unclassified 
-
and brush, as seen 
(OU) in full crown.
 
Aspect and Slope LANDSAT
 
D classification
 
Divide area as of each 1.1 acre
 
needed. Use only cell.
 
the aspects: N, be filled
in later).
NE,E,SE,S,SW,W, inlte)
NW, L (level). 

Estimate slopes:

O%,IO%,20',etc. #p / Lo

_z_22_ 
Notes on data sources used in verification:
 
OU (c-Tkn- - Uskd44.d) Vbt%. 4 A fCt-n d- , pan4 ~ 
Notes on problems of location or classification of plot:
 
'FJOA c4 U -kAt arq- ~ -. 
Notes on incroducing LANIDSAT cell data and making statistical comoarison:
 
Figure c1 Example land use verification form, V-2,
 
for field data-recorcing. 
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coverage of the final classifications and also for their ease of
 
access and visibility. Even ifevery plot had been used, some
 
classes would have had too small a verification sample for
 
significantly accurate results. This experience suggests that a
 
procedure be formulated which allows departure from the random
 
selection method in order to bring sample sizes of rare classes to
 
a significant level.
 
Results
 
Verification accuracy assessment was accomplished with a computer­
ized comparison of ground truth and LANDSAT results on 1268 one-acre
 
cells within the Fox Creek Quadrangle. This represents 3.8% of the area.
 
The 18 classes used as cover types inour final LANDSAT class
 
universe were coded as level 3 classifications. These in turn were
 
regrouped into more generalized level 2 categories which match the
 
class list (Table 1) established at the September 13 and 14, 1976, FRMS
 
meeting as the shared "standard" classification for the entire
 
project. Level 1 was a final simplification comprised of rangeland,
 
forest, agriculture, urban, barren land, and water.
 
Inaddition to these three levels of type detail, we measured
 
accuracy in terms of two levels of areal detail: single cell
 
elements and three-by-three cell aggregations. The computerized
 
procedure for determining the aggregated classification results was,
 
of necessity, the same for both LANDSAT and ground truth data. A
 
plurality greater than two of any single class among the nine pixels
 
was sufficient for renaming the entire group as the dominant class.
 
Plurality ties were broken by choosing the codominant class which
 
appeared first in the classification table. When no class obtained
 
sufficient plurality, the entire nine cell group was excluded from
 
evaluation.
 
Errors of omission (Type 1) and commission (Type 2) were computed for
 
each class at each areal detail across all three type details. Thus,
 
six accuracy tables were generated to provide a varied perspective
 
of satellite capabilities. Ineach case, table diagonals were summed
 
and divided by the overall sample size to obtain a general measure of
 
classification accuracy.
 
Assuming the accuracy tests were dealing with binomial populations
 
of matched and unmatched cells, discussions are limited to those
 
classes whose sample size exceeded 10 cases. Any smaller sample

would yield accuracy measurements of questionable validity.
 
Error analyses are incomplete without a consideration of error sources.
 
Satellite system noise and data anomalies caused by cloud and topographic
 
shadows are two constraints over which the user has little control.
 
For instance, system noise ismost damaging when efforts to separate
 
classes of similar spectral response are overwhelmed by the differences
 
in calibration of the six MSS units which scan 6 lines at once. CSU
 
used a low-pass filter preprocessor to reduce such noise. In cases
 
such as rabbitbrush vs. mixed grass-rabbitbrush, the separability of
 
two similar signals was too slight to be maintained with confidence.
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This error source is likely responsible in large part for errors which
 
are "traded" between two classes.
 
In analyzing these results, it is important to realize that with this
 
random location of test plots, boundary decisions are likely to be
 
quite prevalent, especially considering the natural intermixing of
 
these cover types. Underlying the following discussion, therefore, is
 
the assumption that a significant proportion of the observed error is
 
due to intracellular heterogeneity of type. The raw computerized

comparison results for single cell and aggregated cell verification
 
analysis are provided inAppendix 8.1. Validated Tables 3 through 8
 
which exclude small sample classes, will be discussed on a class-by-class
 
basis to exemplify field selection errors.
 
Validated Table 3. Level 3 - Type I Accuracy, Single Cell
 
% Correct % %
 
Class Confusion #1 Error Confusion #2 Frrnr Confusion #3 Error
 
Rabbitbrush 80.7 Meadow 7.0 Wet Pasture 4.4
 
Grass/R-brush 84.3 Meadow 5.6 Dense Shiub 4.1
 
Dense Shrub 53.7 Meadow 14.6 Grass/R-brush 9.7 Pinyon-Juniper 7.3
 
*Mt. Mahogany 41.7 Pinyon-Juniper 33.3 ---- - ---

Meadow 85.5 Pinyon-Juniper 3.7 Dense Shrub 3.7 Ponderosa Pine 3.4
 
Wet Pasture 68.0 Meadow 12.0 Dense Shrub 8.0 Barley 6.0
 
White/Doug Fir 46.8 Ponderosa Pine 27.6 'Meadow 9.6 Spruce 8.5
 
Pinyon-Juniper 75.9 Dense-Shrub 6.5 Meadow 5.3 Rabbitbrush 5.3
 
Ponderosa Pine 68.6 Pinyon-Junioer 20.6 Meadow 6.9 .......
 
Aspen 77.0 Meadow 11.5 Ponderosa Pine 8.0 Cottonwood 3.4
 
Cottonwood 76.0 Aspen 14.0 Ponderosa Pine d.0 .......
 
OVERALL ACCURACY = 74.4%
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---- --- ---- --- 
----
Validated Table 4. Level 2 - Type I Accuracy, Single Cell
 
Class % Correct Confusion #1 Error 

Shrubland 82.8 Grassland(noi) 8.0 

Grassland(noi) 83.0 Coniferous F. 7.5 

Grassland(irr) 66.7 Grassland(noi) 12.5 

Coniferous F. 83.4 Shrubland 6.7 

Deciduous F. 83.2 Grassland(noi) 8.4 

Confusion #2 Error 

Coniferous F. 3.2 

Shrubland 6.8 

Shrubland 10.4 

Grassland(noi) 6.7 

Coniferous F. 6.9 

Confusion #3 Error
 
Grassland(irr) 2.5 
....... 
Deciduous F. 6.3 
Deciduous F. 1.8 
....... 
OVERALL ACCURACY = 82.2%
 
Validated Table 5. Level 1 - Type I Accuracy, Single Cell
 
%%%
 
Confusion #3 Error
Class % Correct Confusion #1 Error Confusion #2 Frrnr 

Rang eland 91 .8 Forest 
 6.5 ..............
 
86 .5 Rangeland 12 .3 ..............
Forest 

OVERALL ACCURACY = 89.5%
 
Validated Table 5. Level 3 -

Class % Correct 

*Rabbitbrush 75.0 

Grass/R-brUsh 82.6 

Meadow 82.1 

*Vhite/Doug Fir 30.0 

Pinyon-Juniper 76.2 

*Ponderosa Pine 54.5

*Aspen 100.0 

Confusion #1 Error 

Meadow 8.3 

Meadow 4.3 

Pinyon-Juniper 5.1 

Ponderosa Pine 50.0 

Dense Shrub 9.5 

Pinyon-Juniper 27.2 

Type I Accuracy, Single Cell
 
Confusion #2 Error 

Wet Pasture 

Dense Shrub 

Dense Shrub 

Spruce 

Meadow 

Meadow 

OVERALL ACCURACY = 73.9% 
8.3 

4.3 

5.1 

10.0 

,9.5 

9.1 
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Confusion #3 Frror
 
Small Town .8.3
 
Rabbitbrush 4.3
 
Ponderosa Pine 5.1
 
Aspen 1O.C
 
Rabbitbrush 4.8
 
White/Doug Fir 9.1
 
TB
 
Validated Table 7, Level 2 - Type I Accuracy, Aggregated
 
% %
 
Class %ICorrect Confusion #I Error Confusion #2 Error Confusion #3 Error
 
Shrubland 83.3 Grassland(noi) 9.5 Grassland(irr) 2.4 Deciduous F. 2.4
 
Grassland(noi) 83.3 Coniferous F. 8.3 Shrubland 8.3 .......
 
Coniferous F. 86.4 ShruDland 6.8 Grassland(noi) 4.5 Deciduous F. 2.3
 
*Deciduous F. 100.0 ---- ---
OVERALL ACCURACY = 85.2% 
Validated Table 8. Level 1 - Type 1 Accuracy, Aggregated
 
% %%
 
Class % Correct Confusion #1 Error Confusion #2 Error Confusion #3 Frrnr
 
Rangeland 91.9 Forest 8.1 ---- --- ----. 
Forest 89.3 Rangeland 10.7 ---- ---...... 
OVERALL ACCURACY = 90.8% 
Notes pertaining to Tables 3-8:
 
*Sample size near lower limit of significance
 
Confusion titles 1, 2 and 3: Error levels for omission misnamings are given
 
inorder of descending severity (1-3).
 
(noi): non-irrigated
 
(irr): irrigated
 
Amplification of Table 3
 
Single cell classification of level 3 shrub categories was in
 
general quite satisfactory. Based on the heterogeneity of type
 
and steepness of slopes upon which the training sets for dense
 
mixed shrub were located, the poor verification results were
 
expected. Owing to the sparsity of mountain mahogany in all
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but two large stands, neither of which was sampled by the random
 
verification sampling, the poor verification results are understandable.
 
Ingeneral, the shrub stands in the area are rarely pure, and the
 
confusions born out inthe verification analysis are consistent with
 
the anomaly types found within shrub areas.
 
Grassland level,3 classification performance was quite encouraging.
 
The high proportion of meadow errors in wet pasture tests is explained
 
by the fact that no information was available on the moisture regimes
 
of the wet pasture training sets at the time of the imagery.
 
The poor fir classification performance is explained inpart by the
 
location of over one-half of the training fields for this class in
 
Zapata Ranch Quadrangle, 60 miles across the valley. These "extension"
 
models were located on steep and heavily shadowed northwest aspect, so
 
the fir signature was not representative of the more highly illuminated
 
stands in the Fox Creek area. Fir was therefore mislabeled ponderosa
 
pine, a more reflective coniferous type.
 
Pinyon-juniper errors of omission are ascribed to those cover types
 
which are typically in association with pinyon-juniper, ingeneral the full
 
range of grass to shrub/soil. Likewise, ponderosa pine classification
 
errors as meadow are attributable to the ponderosa pine-meadow association.
 
However, the strong misclassification of ponderosa into pinyon-juniper
 
represents a more serious failure to discriminate. Interms of the
 
training fields assigned to either class, the error level is unexplainable.
 
It is difficult to avoid the conclusion that ponderosa pine and pinyon­
juniper are too similar interms of seasonal spectral phrenologies to
 
allow complete separation through the processes used on this project.
 
Aspen classification results are quite satisfactory'in spite of the
 
meadow and ponderosa pine mistakes. Itwas well known that meadow
 
training fields contained small clusters of aspen, but itwas hoped that
 
the processing algorithm would be able to clean these out. Apparently
 
this approach was not successful in this instance. Aspen and cottonwood
 
were mutually confused, indicating a lack of complete separability. This
 
conclusion is strengthened by their shared ponderosa error; in turn, this
 
implies a certain deciduous component in the ponderosa training set.
 
Amplification of Table 4 and 5
 
Ingeneralizing the detailed classes, accuracies were improved well
 
beyond the average performance of the original individual classes.
 
Inevery case but irrigated grassland at level 2, a higher performance
 
measure was achieved. Obviously, mistakes within generalized groupings
 
were eliminated, and it is probable that the misclassifications which
 
persisted were the result of boundary decisions more than any other cause.
 
The improvement of accuracy with simplication of type does not necessarily
 
suggest that better classification would result from training at these
 
more general levels. To the contrary, the type of mistakes described
 
above might be more prevalent with training regimes of increased
 
heterogeneity.
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APPENDIX D
 
TRAINING DATA ANALYSIS
 
for
 
ARIZONA, COLORADO and NEW MEXICO
 
This Appendix contains a detailed description of the processes and
 
decisions involved in the analysis of training data and the development of
 
class signatures, The problems encountered in the three states selected
 
are typical of all of the states, except that Montana and Wyoming used fewer
 
classes, which simplified the data analysis. More than just a record of the
 
procedures used for this project, this appendix provides a great deal of
 
insight into the complexities and decision making requirements of supervised
 
classification. We do not, however, hold that these particular procedures
 
are optimum or even necessary in their entirety. More careful adherence to
 
the principles discussed in Section 6.0 of this report, when selecting
 
classes and training data, could greatly improve and simplify the analysis
 
of training data. Nevertheless, the principles and problems associated with
 
signature development will require your careful attention at one time or
 
another.
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Often in the following case reports the results of separability testing
 
are reported in terms of 1) model success and 2) commission error. Model
 
success is a measure which defines that proportion of the training model
 
which was classified "correctly" as the class of original designation. With
 
commission error we are interested in those cases which classified as the
 
model inquestion; that proportion of those cases which originally came
 
from other models is the commission error.
 
In standard statistical terminology, model success can be defined as
 
one minus the Type I error, while commission error is the same as the Type
 
IIerror.
 
-
nly
MSA = nA x 100
 
CEA 
 n x 100
 
where: MSA is the percent model success for class A
 
CEA is the percent commission error for class A
 
n is the number of samples in the following sets:
 
A is the model sample set in question
 
X is the set of cases which were classified as class A
 
Y is a subset of X containing members of A
 
Z is a subset of X containing non-members of A
 
The following subsections describe the training data analysis, and
 
class performances for each of the states. These descriptions are more
 
oriented to physical class characteristics rather than to the more abstract
 
discussions of Section 6.0, Many instances will be seen, however, where
 
the abstract descriptions- do fit the real world situations we found.
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D.1 Arizona Training Data Analysis
 
From the ground truth data provided, we were able to extract training
 
fields for a total of 81 classes. The 245 training fields yielded the
 
following pixel sample sizes:
 
Table D.1 Arizona Original Class Universe
 
Class Sample Size #Fields Subset(s)
 
Abandoned agriculture 183 5 AGRI DESS
 
Airport 63 1 CITY
 
Alfalfa 202 5 AGRI
 
Alfalfa/Corn/Sorghum 114 3 AGRI
 
Aluminum plant 174 1 CITY
 
Amusement Park 25 1 CITY
 
Barley 40 2 AGRI
 
Canal 134 3 AGRI DESS CITY**
 
*Cemetery 10 1
 
Commercial 156 9 CITY
 
Coadominiums 167 6 CITY
 
Cottonwood 17 1 DESS CITY**
 
Creosote bush 349 10 DESS CITY**
 
Dairy 15 2 CITY
 
Disturbed desert shrub 25 1 DESS
 
Duplex 30 1 CITY
 
Fallow/Short-fiber cotton 165 5 AGRI
 
Fallow/Long-fiber cotton 55 2 AGRI
 
Feedlot 170 2 CITY
 
Golf courses 231 9 AGRI CITY**
 
Grapes (Red) 32 1 AGRI
 
Grapes (Thompson) 51 1 AGRI
 
Grapefruit 147 5 AGRI
 
Gravel pit 109 3 DESS CITY**
 
High density apartment 25 1 CITY
 
Hotel 40 1 CITY
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Table D.1 Arizona Original Class UniVerse (continued)
 
Class Sample Size # Fields Subset(s) 
Industrial park 206 - -3 -- -- -CITY 
Intermittent wash 521 14 DESS 
Lemon 218 6 AGRI 
Magdalena shrub 47 1 DESS 
Manufacturing 55 3 CITY 
Melon 48 1 AGRI 
Mesquite 243 7 DESS 
Mobile homes 195 6 CITY 
Oil refinery 148 1 CITY 
Onion/Fallow 24 1 AGRI 
Oranges (Navel) 230 8 AGRI 
Oranges (Valencia) 113 4 AGRI 
Paloverde 52 2 DESS 
Pasture (Bermuda grass) 63 2 AGRI DESS CITY** 
Potato (Red) 24 1 AGRI 
Potato (White) 24 1 AGRI 
Power Plant 77 1 CITY 
Ranch 19 2 CITY 
Recreational camp 60 1 CITY 
Residential zone Rl 57 2 CITY 
R2 124 2 CITY 
R3 29 1 CITY 
R4 198 2 CITY 
R5A 56 2 CITY 
R5B 51 2 CITY 
R6 30 1 CITY 
R7 30 1 CITY 
R8 150 2 CITY 
R9A 20 1 CITY 
R9B 24 1 CITY 
R9C 25 1 CITY 
R9D 35 1 CITY 
R9E 30 1 CITY 
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Table D.1 Arizona Original Class Universe (continued)
 
Class Sample Size #Fields Subset(s) 
Residential zone R9F 36 1 CITY 
R9G 30 1 CITY 
R1O 42 2 CITY 
Rocks: 
Basalt (Tempe) 16 2 DESS 
Basalt (Granite Reef 47 1 DESS 
Dam) 
Basalt (Paradise 36 1 DESS 
Valley) 
Basalt (Union Hills) 179 4 DESS 
Granite (Union Hills) 78 3 DESS 
Basalt/Magdalena Shrub 576 28 DESS 
Granite/Magdalena Shrub 72 1 DESS 
Saltbush 49 4 DESS 
School 150 5 CITY 
Shinnery shrub 465 13 DESS 
Shopping Center 162 4 CITY 
Sorghum/Corn 32 1 AGRI 
Stables 47 2 AGRI CITY 
Tangerine 18 1 AGRI 
University 115 3 CITY 
Water 41 2 AGRI DESS 
Wheat 24 1 AGRI 
Wheat/sugar beets 25 1 AGRI 
Watermelon 117 1 AGRI 
SUBSET CODE: 	 AGRI - agriculture
 
DESS - desert shrub, undeveloped'
 
CITY - development
 
class deleted prior to extract due to insufficient sample size
* 
** class included in the CITY subset as a feedback measure to 
insure that there is no predominence of natural cover within 
CITY classes. 
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After the accession of the agricultural subset, a STATGEN run indicated
 
that the citrus classes were not behaving as desired. Of the five types,
 
only Valencia oranges and tangerines were performing at acceptable levels.
 
Navel oranges, lemons and grapefruits all exhibited serious weaknesses,
 
as shown inTable D.2.
 
Table D.2 Initial Citrus Training Model Performance 
for Arizona 
Model 
GRPFT LEMON NORAN VORAN TANGR Success (%) 
Grapefruit * 99 11 7 9 7 67 
Lemon I * 65 113 11 4 0 52 
Navel Oranges 1 * 37 19 17 83 24 7 
Valencia Oranges 0 4 0 108 0 96 
Tan3erines 0 0 0 0 16 89 
Commission Error, % 53 34 77 48 69
 
This table is a portion of a larger results table. Percentages were
 
computed from overall performance, and these selected entries do not contain
 
all pertinent errors. Contributing to the accuracy levels shown were
 
confusion with water classes due to irrigation (shown as I),and with
 
lush grass classes (shown as fl.
 
Our first decision was to drop Navel oranges. This class was very
 
different from Valencia oranges in terms of mean vectors, and was
 
characterized by very high standard deviations indicating that the
 
variations in its fields' phenologies were'so great as to inhibit class
 
separability from the other more stable citrus classes. This high variation
 
was also found in the lemon and grapefruit fields, but they were
 
sufficiently similar in reflectance to allow us to combine them into a
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generalized citrus class. Valencia oranges and tangerines were maintained
 
as specialized classes. Upon implementation of these solutions, the
 
following STATGEN run showed that the following classes were performing at
 
the 85% and above modal success level:
 
Table D.3 Agricultural Subset Training Model 
- in Arizona 
Model 
success (%) 
Abandoned agriculture 89 

White potatoes 100 

Onion/fallow 100 

Short fiber cotton 86 

Long fiber cotton 98 

Melons 97 

Watermelons 94 

Golf courses 94 

Pasture 90 

Stables 98 

Alfalfa/corn/sorghum 98 

Corn/sorghum 97 

Barley 100 

Wheat 100 

Wheat/sugar beets 100 

Grapes (Thompson) 93 

Valencia oranges 98 

Tangerines 89 

The substandard classes were as follows:
 
Canal 71 
Water 68 
Red potatoes 70 
Alfalfa 74 
Grapes (Red) 83 
Grapefruit/Lemon 76 
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All classes showed a substantial portion of-their pixels having a high
 
probabilityof belonging to -their,designated class. This in itself is
 
evidence that each class was viable with a sufficiently unique position
 
Within our agricultural feature space. Nevertheless, several pairs of
 
crop types, were so similar incategory that we gave them special scrutiny.
 
The mean vectors of the two potato types were similar, as were those of
 
the long and short fiber cottons. Also, the grape types seemed to differ
 
only in their-MSS 5 variables. A check of the F-values between these pairs
 
showed them to be, the three lowest in the subset. However, since we
 
were uncertain as to the needs and expectations of the Arizona lead agency,­
and since the satisfactory classification performance and high a posteriori
 
probabilities gave us reason to opt for keeping the classes, the following
 
decisions were made. The grapes were both kept because their F-value was
 
marginally acceptable, and only 4% of their classification results were
 
in error between the pair; in retrospect, we probably should have combined
 
the grapes since each was represented by a single training field. The
 
cottons were strengthened by their multiple training fields, and their F
 
value was even more respectable than that of the grapes, hence they were
 
both kept. Potatoes, however, showed the weakest separability by F-value,
 
and their standard deviations were greater than half their mean difference
 
in every single variable; for these reasons we combined the two potato
 
classes.
 
After a CLEAN run to weed out anomalies shown by individual probability
 
listings, all classes were performing above 80% model success, save the
 
grapefruit-lemon category whose 22% error was 55% attributable to grass/weed
 
confusions caused by persistent crown openings. We felt this was a natural
 
tendency for citrus groves, and therefore"did not further modify the model.
 
This may have caused an overabundance of grapefruit-lemon designations on
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our final maps, because the class in its final form was more broad-based 
than most, and served as a surrogate class for some of those pixels whose 
characteristics were not included in any of our class models (see class 1; 
Situation B, Figure 6.2).
 
The desert shrub subset showed very little strength as extracted,
 
only eight of twenty-two classes having acceptable classification results.
 
Five classes were below 50% for model success. F-values were correspond­
ingly poor, and the lowest values could be traced along the axes of the
 
matrix to illuminate the weakest classes, which were sufficiently abundant
 
to force the other stronger classes into high commission error rates.
 
Needless to say this produced a very chaotic classification table.
 
The primary reasons for this state of confusion arose from the nature
 
of the cover. Soil characteristics for these classes were rarely type
 
specific, since deep moisture regimes were more of a controlling factor
 
than surface characteristics. Furthermore, crown closure within a type
 
was so variable, and the emergence of foliage within that crown was so
 
sporatic, that detailed separation was often impossible. Inorder to
 
improve the classes' separability while maintaining the category structure
 
as extracted, severe cleaning was necessary. This would have been very
 
foolish, because our final pared-down classes in this instance would have
 
little resemblance to their intended characteristics. Only gross manip­
ulations such as class combination and/or deletion were appropriate within
 
this-subset; cleaning served as a slight optimizer for the selected new
 
classes of gravel pit and mesquite. Gravel pit was purified by removal
 
of six strongly shrub-trending pixels. Mesquite was cleaned of its only
 
Tempe quadrangle training field was dominated by sparse paloverde, and
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shouldn't have been included within the mesquite category. The carry-over
 
classes from the agricultural subset (pasture, canal, and water) were also
 
cleaned. All this cleaning was implemented after a satisfactory category
 
structure was obtained using other manipulators.
 
Accordingly, we deleted eight classes from consideration in the
 
course of our analysis of this subset. Intermittent wash proved impossible
 
to refine to a viable class, because it consisted of many codominant cover
 
types; inaddition to the gravel pit category, all the shrub classes were
 
large recipients of its omission errors. Furthermore, its correct class­
ifications were at consistently low a posteriori probability levels.
 
There seemed to be no central tendency towards which the class could be
 
manipulated.
 
With shinnery shrub we found a similar situation. It seemed to be
 
too varied and sparse, and therefore, looked more like everything else
 
than itself. The two rock/Magdalena shrub classes were only slightly more
 
encouraging, with the granitic performing at reasonably hopeful levels of
 
separation. However, because the basalt association was inaffective due
 
to its multiplicity of spectral components, we felt itwas foolish to
 
maintain only the granitic association - whose incidence according to our
 
information was limited relative to the basalt type. Therefore, we
 
dropped them both.
 
Abandoned agriculture was very weak hen tested against the shrub
 
classes. The model success was only 39%, and the commission error-was
 
44%. Its intermediate F-values, however, showed it to be a class which
 
could be saved through diligent cleaning. Nevertheless, a check of
 
individual pixel listings showed that only a small portion of the training
 
set was unique to the class. We did not know the identity of this domfnant
 
component, so we dropped this class altogether.
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The disturbed shrub category was successful in defining a viable
 
class, with model success at 68%. Unfortunately, italso had commission
 
errors at a 88% rate, indicating that its character was shared by large
 
portions of the other shrub classes. Consequently, we felt itrisky to
 
include it in the same classification with the other types, and itwas
 
deleted.
 
The surviving shrub classes included some which were sufficiently
 
broad based to fill in for those which we had to delete. We hoped that
 
gravel pit would be an adequate model for any very sparse natural cover.
 
Creosote bush would then fill in for most shrub stands whose sparse vegetal
 
cover was sufficient to affect a signature shift from gravel. Finally,
 
the mesquite class would represent a variety of dense shrub stands whose
 
signature was dominated by vegetation characteristics.
 
Inaddition to the above gradient, several specialized natural cover
 
classes were maintained as tests of detailed classification. Saltbush,
 
cottonwood, paloverde, and Magdalena associations .all performed distinctly.
 
These decisions yielded the following category structure for natural
 
cover types:
 
Table D.4 Desert Cover Training Model Performance 
for Arizona 
Model Commission 
Class success (%) Error (%) 
Gravel pit 96 3 
Creosote bush 78 11 
Mesquite 71 4 
Saltbush 96 30 
Cottonwood 94 47 
Paloverde 85 30 
Magdalena 100 58 
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The low model successes for creosote bush and mesquite were unavoidable
 
for such broad based classes; inany event we did not have based upon
 
which to mutually clean these classes. High commission errors among the
 
specialized classes were drawn from the general classes, and were accent­
uated by the relatively small samples representing the specialized types.
 
The specialized classes "impirfged" upon the general classes in a manner
 
analogous to situation B of Figure 6.3; it should be noted, however,
 
that the figure illustrated the problem in only ond hypothetical variable%
 
while in the above case we were using 16 variables.. Accordingly, the
 
encroachment of the specialized classes upon the general types was felt
 
to be far less severe than indicated. For these reasons we felt we could
 
afford to keep the specialized classes.
 
For the rock classification we suspected that five different types
 
were unfeasible. So their means were examined in order to obtain a
 
gradient of type from basalt through granite. Table D.5 shows these means,
 
and gives an indication of the consistency which the 'various types exhibited
 
intheir multivariate patterns.
 
We chose the Granite Reef basalt (GRROC) to be our dark basalt class,
 
the Union Hills basalt (UHROC) as a granite. The Tempe (TEROC) and
 
Paradise Valley (PVROC) basalt were weakened by smaller sample sizes and
 
high standard deviations created by heavy shadowing.
 
The city subset was even more confused than the natural cover., The
 
principal cause of confusion here was the nature of the class heterogeneities.
 
For instance, the commercial-industrial classes all had internal variations
 
whose spatial units exceeded the size of a LANDSAT pixel; as a result each
 
class consisted of several intermingled subclasses corresponding to roofs,
 
pavement, parking lots filled with cars, landscaping, etc. Many of these
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Table D..5 Rock Training Model Means for Arizona
 
Variable GRROC PVROC TEROC UHROC HUROC 
1 43.511 58.486 60.875 50.581 58.038 
2 41.638 62.946 67.688 46.134 57.205 
3 43.043 64.649 70.125 48.922 58.321 
4 37.149 55.324 61.063 43.922 52.231 
5 78.064 85.027 93.438 84.156 102.821 
6 86.553 97.622 113.125 91.229 116.782 
7 86.809 96.892 111.125 88.285 112.872 
8 74.660 82.703 91.688 77.788 97.705 
9 65.532 86.649 88.313 75.335 89.449 
10 61.872 96.676 101.125 74.525 95.269 
11 59.851 94.189 97.125 69.816 89.474 
12 46.043 77.270 75.875 57.268 72.551 
13 36.170 49.432 47.625 43.525 51.115 
14 31.234 51.784 50.125 36.373 47.410 
15 33.532 54.973 52.000 42.581 50.372 
16 28.085 48.595 44.313 37.553 41.564 
subclasses were shared by several, or even all, of the development classes.
 
Hence, confusions were distributed relatively evenly throughout the first
 
test, and their patterns failed to indicate obvious measures of mitigation.
 
As a result, we were forced to simplify our testing by eliminating
 
some classes which were very weak performers. Condominium and university
 
were eliminated first, and the new subset retested. Here the picture
 
began to clear substantially. Our next move was to remove threa specialty
 
classes which were drawing pixels away from the more important general
 
classes. Dairy was deleted due to its weakening effect upon feedlots
 
and schools, and also due to its insufficient sample size. The recreational
 
camp class was confusing our low density residential categories, and we
 
dropped itaccordingly. Finally amusement park, a surprisingly separable
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class, was eliminated because it too was weakening our low density
 
residential' classes, and because its strength instilled in us the fear of
 
having amusement park spread all over our final maps.
 
After generation of new statistics we decided to combine into a
 
new factory class the aluminum plant, manufacturing, and industrial park
 
classes. None of these original categories were performing above 30%
 
model success but, unfortunately, by combining them we persisted in our
 
attempt to force a highly multimodal class to perform predictably. Instead,
 
we created distribution relationships which had much in common with situation
 
A in Figure 6.2.
 
At this point we also dropped the school and hotel classes. School
 
was persistently indistinct, being confused with mobile homes (probably
 
due to filled parking lots), and with the higher density residential classes.
 
'Hotel was stronger, but did severely weaken our low density residential
 
areas; here again we did not want such a specialized activity class to
 
represent common cover patterns.
 
Throughout these manipulations we had been combining the-original
 
seventeen residential classes in search of a viable structure for final
 
classification. We finally determined that low density (Rl + R2 + R3 + RIO),
 
medium density (R4 + R5A + R6), irrigated landscape medium density (R5B),
 
high density (R7 + R8), very high density (all R9S's), and high density
 
apartments would provide the most straightforward residential classification.
 
Duplex was also retained as a harmless test of single training field
 
influence in this type of class. Ranch and stable were strong specialty
 
categories, and seemed harmless in terms of STEP III indicators, so we
 
kept them also.
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Cleaning was applied with varying intensities and varying results
 
upon the class models for airport, power plant, shopping center, oil
 
refinery, feedlot, commercial and factory. For the airport class we were
 
attempting to eliminate some refinery characteristics; by all appearances
 
we succeeded. Power plant mysteriously distinctive as a class; and
 
was characterized by a large section of high a posteriori probabilities;
 
we cleaned out the small obviously weak portions of its training field.
 
Shopping center was far too multimodal to present an effective model;
 
accordingly we cleaned out some roof materials (which were more strongly
 
aligned with commercial and high density apartments) and parked cars
 
(from mobile home confusion), leaving as a-residual model empty pavement
 
along with some roof contributions. Oil refinery had always had strong
 
confusions with our gravel pit feedback class, so we cleared the gravel­
trending areas out of the one training field, and even went beyond in
 
attempting to isolate the oil tanks areas; by correlating surviving pixels
 
with the tank symbols on the topographic map, we concluded that the tank
 
isolation effort was largely a failure. Feedlot was cleaned lightly in
 
order to eliminate the residential portions of its training fields. Finally,
 
the commercial and factory classes were cleaned very heavily since all
 
other manipulations had failed to improve their performance; we felt
 
that they necessarily contained distinct components which could partially
 
represent them; using statical criteria, we pared down the two classes in
 
search for those components. This was a mistake on our part, but at the
 
time we felt we had no other recourse.
 
The above decisions resulted in the following training data relation­
ships:
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Table D.6 

Airport 

Power Plant 

Shopping Center 

Oil Refinery 

Feedlot 

Commercial 

Factory 

Mobile homes 

Development Training Model Performance
 
for Arizona
 
Model Commission 
success error (%) 
90 10 
100 4 
86 3 
72 18 
92 0 
87 26 
63 0 
93 8 
High density apartments 92 37
 
Very high density single family units 84 22
 
High density single family units 72 18
 
Medium density single family units- 87 0
 
irrigated landscapes
 
Low density single family units 89 18
 
Duplex 97 19
 
Ranch 89 0
 
Stable 94 6
 
While processing each of the three subsets, we were also-trying to
 
optimize the water and canal classes. The water class never emerged with
 
a viable model. The radiance values indicated by its mean vector cast
 
doubt on the fact that a significant proportion of its training fields
 
were ever covered by water. High standard deviations indicated that
 
some water and/or moist soil was present on most dates, but these low
 
radiance areas were in such a minority that we discarded the class
 
altogether.
 
Canal was analyzed by comparing its individual pixels' results in
 
terms of the relative a posteriori probabilities for water and for
 
predominant dryland classes. We decided that canal had to have
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contributions from both extremes, so we cleaned out those cases of the
 
sample whose tendency was overwhelmingly either wet or dry. Our success
 
is evidenced by the unique character which the modified canal class
 
gradually assumed. However, when we decided to withdraw the water
 
class, by association we were forced to eliminate canal as well.
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D.2 Colorado Training Data-Analysis
 
In'Colorad we chose the following class configuration for extraction
 
from the master files:
 
Table D.7 Original Colorado Class Universe
 
Class Sample Size #Fields 	 Subset(s)
 
F 
R 
C
 
Alfalfa 	 220 6 X
 
Barley 	 115 3 X
 
Oats 	 36 1 X,
 
Plowed ground 105 1 X
 
Potatoes 24 1 X
 
Spring Wheat 119 2 X
 
Fall wheat 329 7 X
 
Wet Pasture 178 8 X X X
 
Dry Pasture 20 1 X
 
Montane Meadow 232 9 X X
 
Subalpine Meadow 127 3 X
 
Tundra 63 2 X
 
Marsh 40 2 X
 
Riparian grass/sedge 80 3 X
 
Riparian willow 47 6 X X
 
Riparian cottonwood 111 6 X
 
Aspen 171 6 X
 
Ponderosa pine 180 6 X
 
Douglasfir/white fir 245 8 X
 
Pinyon/Juniper 431 14 X X
 
Mountain Mahogany 46 2 X
 
Spruce/Fir 154 6 X
 
Logged revegetating 35 1 X
 
Mixed Dense Shrub 116 1 X
 
Rabbitbrush 258, 5 X
 
Mixed rabbitbrush/grass 202 6 X X
 
Greasewood 57 2 X
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Table D.7 Original Colorado Class Universe (continued)
 
Class Sample Size #Fields Subset(s) 
F R C 
Yucca 53 1 X 
Sandy grass 84 1 X 
Sand 180 3 X 
Sodic soil 84 2 X 
Saline soil 47 2 X 
Mountain rock 38 3 X X 
Valley basalt butte-heavy 108 2 X 
veg. 
Valley basalt butte-light 41 1 X 
veg. 
Valley basalt butte-unveg. 89 2 X 
Commerical 47 1 * X 
Downtown residential 31 1 X 
New medium density 23 2 X 
residential 
Old medium density 16. 1 X 
residential 
Small town 34 1 X 
*Lawn 15 4 X 
Feedlot 48 1 X 
Irrigation pond 44 4 X 
Subset code 
F - forest types 
R - range types 
C - crop, barren, development types 
* deleted prior to analysis due to insufficient sample. 
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Inthe natural areas covered by the forest and range subsets, the
 
cleaning mechanism wasparticularly effective in reducing overlap between
 
classes, in eliminating counterproductive -samples; and 16 refining a more
 
viable category structure. Also, since our knowledge of the Colorado
 
training fields was firsthand, we could use our cleaning manipulator
 
to greater advantage in actively affecting a shift inmodel character.
 
FOREST CLASSES
 
Consequently, our analysis of the forest subset was relatively
 
straightforward; we proceeded through two cleaning iterations which
 
resulted in the following model performance:
 
Table D.8 Improvement Patterns with Iterative Cleaning
 
of the Forest'Subset Training Models in
 
Colorado
 
CLASS MS] CE1 R1 ,MS2 CE2 R2 MS2 CE3 
Wet Pasture 81 2 16 96 0 4 98 1 
Montane Meadow 64 31 9* 73 16 9 80 16 
Subalpine meadow 62 10 31 81 0 18 92 0 
Tundra 89 43 6 93 26 7 100 10 
Riparian willow 58 55 49 88 22 8 95 12 
Riparian cottonwood 68 41 27 86 18 12 92 16 
Aspen 60 21 32 82 3 13 83 2 
Ponderosa Pine 63 41 14 69 21 9 76 15 
Douglasfir/white fir 72 18 22 89- 5 6 91 4 
Pinyon/Juniper 66 22 16 86 14 3 88 10 
Spruce-fir 79 4 19 94 0 6 98 0 
Logged revegetating' ° 91 54 3 94 32 3 97 20 
Mountain Mahogany 57 81 20 70 66 8 85 60 
Mixed rabbitbrush/grass 91 24 6 97, 10 1 98 7 
Rock 92 34 0 89 26 3 92 11 
* The criteria for this cleaning were 1/2 the intensity of all others 
MS. = Percent model success at interation i 
CF. = Percent commission error at iteration i 
R = Percent reduction inclass sample by cleaning after iteration i 
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The wet pasture had strong cottonwood areas inseveral fields, and these
 
were effectively eliminated. Montane meadow was confused mostly with the
 
mountain mahogany and pinyon-juniper models, and since we knew that our
 
meadow fields had no such impurities, we endeavored to clean the meadow­
trending areas from the mountain mahogany and pinyon-juniper models. The
 
confusions for subalpine meadow and tundra were almost entirely mutual;
 
we cleaned accordingly, and arrived at a separability which depended on the
 
existence or absence of snowcover on our November date (here is a
 
situation where seasonal phenologies and/or topographic positions actually
 
inhibited the desired category structure).
 
Since the willow training set as plotted in the field was very small,
 
we augmented itby picking additional areas from the CIR coverage. These
 
areas turned out to be statistically akin to aspen or cottonwood, and
 
were probably young stands of one of these tree types. This left our
 
willow model with a mere twenty-two samples. Cottonwood had several
 
field portions which looked very much like our willow model, while the
 
rest of the set was relatively distinct. The confusions were effectively
 
reduced. Aspen training fields were rarely pure, and exhibited strong
 
tendencies toward such classes as meadow, mountain mahogany, willow, and
 
cottonwood. There were also large portions of the stands which had very
 
strong a posteriori probabilities for aspen; this indicated to us that
 
our cleaning was justified and successful.
 
The mountain mahogany model was weakened by four very small training
 
fields in addition to its one large field.- Ponderosa and meadow areas
 
surrounded these smaller fields, and to some extent were imbedded in
 
the larger area as well. This necessitated an extensive cleaning in
 
order to produce a predictable model.
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Between the coniferous types, the worst confusions were found between
 
ponderosa pine and pinyon/juniper. Here a full separation of training
 
models isunrealistic; however, since our cleaning algorithm would only
 
eliminate those points associated with very strong a posteriori probabilities
 
of wrong classification, we never deleted a sample pixel which was
 
intermediate between the two classes. This dichotomous perspective is
 
simplistic inview of our collective manipulations. The actual metamorphoses
 
which took place during cleaning may be more closely approximated by the
 
following description: the ponderosa class, while strongly confused by
 
pinyon-juniper, also originally had a significant meadow trending component.
 
After elimination of much of this meadow impurity, the ponderosa type did
 
not draw as many pinyon-juniper pixels, and the number of correct class­
ifications inthe pinyon-juniper class rose substantially.
 
The Douglasfir/white fir class was distinguished from the higher
 
elevation spruce/fir class by the decrease inreflectance levels ibr the
 
spruce/fir types. The thinner areas inthe spruce/fir fields were mis­
classified as Douglasfir/white fir. While cleaning mitigated this problem
 
to some extent, there was evidence to suggest that there would be a high
 
potential of error between these two classes on our final maps. The lower
 
Douglasfir/white fir type also showed a tendency towards Ponderosa pine
 
and mountain mahogany in its thinner sections; it also had some aspen
 
impurities which were cleaned out.
 
The remaining classes in the subgroup (logged revegetating, rock,
 
and mixed rabbitbrush/grass) were performing at levels which made them
 
relatively immune to our cleaning manipulations. It is interescing.to
 
note, however, the decrease in their commission error levels as the less
 
separable classes were purified.
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RANGE CLASSES
 
Inour original range subset, the yucca class was included as a
 
curiosity to see ifwe could isolate the occurrences of this less than
 
predominant cover type. After the first STATGEN test, itbecame apparent
 
that the yucca class would severely weaken our rabbitbrush category as
 
extracted. 'We felt we had a situation akin to, but even more damaging
 
than Case A in Figure 6.3, so we dropped yucca from consideration.
 
We added saline and sodic soil classes upon examination of the CIR
 
photos, since there were large areas of the valley floor quads which were
 
relatively unvegetated. We outlined training fields for the two classes
 
on the CIR prints using reference to the Alamosa and Conejos County soil
 
surveys.
 
While 8 of the 16 range classes had original model success levels of
 
over 85%, the weaknesses in all classes were effectively reduced by the
 
cleaning program which isdocumented inTable D.9.
 
Greasewood had minor confusions with the sandy grass type. Saline
 
soil was very close to being entirely distinct in its original configuration.
 
Marsh had problems of commission to riparian grass and sodic soil types;
 
here the moisture levels for the three training sets at the times of
 
imagery were unknown, so we had to separate them by statistical criteria.
 
Sodic soil also showed some areas which were confused with more vegetated
 
types and these were cleaned out.
 
The sandy grass and sand classes from the foothills fringe on the
 
Zapata Ranch quad were separable from the beginning. As we moved into
 
the higher elevation range types, however, the category models were
 
collectively less successful. Pinyon/juniper training fields were
 
sufficiently low in crown density to exhibit strong leanings toward those
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P 
grass and shrub categories which populated the understory; feeling that
 
this open stand character should be maintained, we avoided cleaning
 
pinyon/juniper on the first iteration. The dense mixed shrub, mixed
 
grass and rabbitbrush, and pure rabbitbrush* types were designed to
 
separate the shrubby upland range into gradations of herbaceous and
 
shrub densities; we did not expect to discriminate these classes as
 
well as the other natural types, and the cleaning iterations only served
 
to upgrade these categories to a more predictable performance.
 
Dry pasture was a single field model which represented a formerly
 
irrigated lowland pasture that had been overgrazed and left dry. Its
 
small sample was entirely separable, but, as can be seen from its
 
commission error rate, itattracted portions of all the other upland
 
range classes. An analogy can be drawn to a variation of situation B in
 
Figure 6.3, inwhich many broad classes (classes with large variances)
 
are subordinate at the locale of the more specific type.
 
Wet pasture montane meadow, and willow were at this stage cleaned
 
for the second time, in this instance inlight of their confusions with
 
the more reflective range categories.
 
Mt. rock was included inthis subset to ensure that the outcrop
 
openings inthe forest from which we selected our training fields were
 
indeed rock. As evidenced by the cleaning results, much of the extracted
 
model was vegetated, and only a sizable talus field and a few singular
 
cells of pure rock survived to populate the final model. The discrim­
ination of the rock areas vs. the vegetated areas was so strong that
 
* this model represented little rabbitbrush ina predominately cvergrazed 
association with a large component of bare soil. Our big rabbitbrush type
 
had been dropped prior to STEP III because its fields were indistinct on
 
our graymaps.
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28% of the model population was eliminated under the lightest of cleaning
 
criteria on iteration #2.
 
AGRICULTURAL CLASSES
 
The third subset's optimization was not nearly so mechanical. We
 
could not justify the widespread cleaning'which was successfully applied
 
to the first two subsets. Inmost general terms, the agricultural classes
 
werd cleaned mutually, the basalt butte classes were combined, and
 
selective cleaning improved several of the development classes. For
 
the record, the following class manipulations took place.
 
Agricultural category cleaning took place in three increments:
 
Table D.1O Improvement Patterns with Agricultural Cleaning
 
of the Forest Subset Training Models in
 
Colorado
 
CLASS MS
MS1 R1 2 R2 MS3 R3 MS4
 
Alfalfa 69 29 93 5 96 1 97
 
Barley 82 16 93 5 98 1 99 
Oats 83 - 86 11 88 9 97 
Spring wheat 95 4 99 - 99 - 99 
Fall wheat 91 7 99 - 99 - 99 
Potatoes 96 - 92 4 91 - 91 
Plowed ground 82 12 91 5 95 - 95 
Feedlot 98 2 100 - 100 - 100 
Pasture (wet) 76 - 81 - 80 - 81 
MS. = Percent model success at iteration iI 
Ri = Percent reduction in class sample by cleaning after iteration i 
Alfalfa exhibited confusions with barley, fall wheat, and very small
 
town categories, probably due as a whole to spotty crop coverage in portions
 
of its fields. Barley and oats had similar problems, but to a lesser
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extent. The two wheat categories had minor omission error rates with
 
barley (mostly from fall wheat), and between themselves due either to
 
seed impurities or incomplete harvesting. Potatoes had pasture confusions
 
partially attributable to weed infestations, but since the cleaning
 
approach was counter-productive in this instance, there is reason to
 
doubt the separability of these two classes as extracted on the dates
 
of concern. Feedlot and especially plowed ground were effectively
 
purified of vegetated areas. Finally, pasture improved as other classes
 
were directed towards more distinct class definition.
 
Among the basalt butte classes, only the lightly vegetated type was
 
performing at acceptible levels as extracted. The heavily vegetated and
 
unvegetated types exhibited ommission errors spread mostly into the
 
intermediate type, but also somewhat into the other extreme. Since the
 
errors were distributed as would be the case with a trisection of a
 
continual gradient, we decided to combine all three classes into a
 
general basalt butte category.
 
Within the development categories, the irrigation ponds were cleaned
 
of their edge effects. Downtown residential had surprising separability
 
from cottonwood, but was confused with the old medium density residential,
 
a virtually treeless category. New medium density residential, very
 
small town, and commercial categories were all strongly distinct and
 
viable in terms of standard deviation.
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D.3 New Mexico Training Data Analysis
 
The following classes constitute the extracted class universe for
 
New Mexico:
 
Table D.11 New Mexico Original Class Universe
 
CLASS Sample Size # Fields 

Range 

Sage (general) 79 3 X
 
Sage - very poor condition 90 4 X
 
Sage - poor condition 45 1 X
 
Sage - poor-fair condition 70 1 X
 
Sage - fair condition 48 1 X
 
Sage - good condition 40 2 X
 
Sage - good-excel. condition 56 1 X
 
Sage - crested wheat 121 3 X
 
pl antation
 
Winterfat 29 1 X
 
Prairie dog town 54 1 X
 
Western wheatgrass 18 1 X
 
Marsh 83 1 X
 
Pinyon-juniper type A 94 3 

Pinyon-juniper type B 35 1 

Pinyon-juniper type C 40 1 

Pinyon-juniper type D 88 1 

Pinyon-sage type E 22 1 

Gambel's oak/Ponderosa pine 72 2 

Mixed conifer type F 32 1 

Mixed conifer type M 33 1 

Ponderosa pine 98 2 

Mixed conifer type X 66 3 

Spruce 87 2 

Aspen 45 1 

Tundra 96 4 X
 
Cottonwood riparian 17 1 

Pasture 66 3 X 

Wheat 59 2 

Alfalfa 27 1 

D-28
 
Subset(s)
 
Forest Devel Lush
 
X
 
X
 
X
 
X
 
X
 
X
 
X
 
X
 
X
 
X
 
X
 
X
 
X
 
X
 
X
 
X
 
Table D.ll (Continued) 
Class Sample Size # Fields 
Range 
Subset(s) 
Forest Devel Lush 
Mine 
Tailings "pond" 
Small town 
Residential 
- very low den. 
(rural-pinyon/juniper) 
Residential 
- low den. 
Residential 
- old med. den. 
Residential 
- new med. den. 
Warehouse/railyard 
Urban 
116 
31 
24 
32 
63 
78 
62 
39 
41 
3 
1 
1 
1 
3 
3 
2 
1 
1 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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RANGE CLASSES
 
Our first problem within the range subset was to determine the
 
viability of the general sage class. The inclusion of this category
 
with themore detailed sage-condition classes was a violation of
 
hierarchial consistency which could be resolved only through elimination
 
of either the general type or the entire group of condition classes.
 
That 	they were mutually inhibitive was evidenced by a STATGEN run with
 
all 	range types included; the general sage was the object of serious
 
commission error from the poor condition, crested wheat treatment, and
 
pasture classes, while omission errors from general sage fell into fair,
 
good, and excellent condition sage classes. This pervasive confusion was
 
resolved by elimination of the general sage type, in order to maintain
 
the 	detailed classes as a test of LANDSAT discriminant capabilities.
 
A subsequent STATGEN run produced the results which are summarized
 
in Table D.12. The poor condition classes performed in a suspect manner,
 
as did the sage-crested wheatgrass class. Very poor condition sage had
 
high standard deviations attesting to its heterogeneous nature. It is
 
not surprising that model success was below 50%. Poor condition sage
 
suffered from the same problem to a lesser degree, but was also very
 
similar to prairie dog town inan imbalanced relationship akin to
 
situation A in Figure 6.3. Poor-fair condition sage, on the other hand,
 
was 	so distinct that we felt its temporal isolation* had disqualified
 
the training set as a model for the "normal" seasonal patterns of the
 
areas to be classified. Accordingly, the poor-fair condition sage class
 
was eliminated.
 
* 	 (its May variables were extracted from an image which was two weeks 
later than that image covering all other areas). 
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Table D.12 	 Original Performance of Detailed
 
New Mexico Range Category Models
 
(without the general sage class)
 
Class Name MS CE Principal recipients of omission
 
# % % error-class # (%)
 
1. Prairie dog town 87 23 	 # 3 (9%)
 
2. 	 Sage - (very poor) 37 45 # 6, 8 (13%); # 5, 12 (9%);
 
# 3, 7 (8%)
 
3. Sage - (poor) 53 37 	 # 1 (27%; # 8, 9 (7%)
 
4. Sage - (poor- fair) 100 0 ­
5. Sage - (fair) 92 23 	 # 8, (4%) 
6. Sage - (good) 90 59 	 # 5, (10%) 
7. Sage - (good-excel) 82 39 	 # 2 (14%) 
8. Winterfat - sage 86 42 	 # 2, 6 (7%)
 
9. 	 Sage - Crested 55 8 # 7, (16%); # 6 (15%); # 2 (9%)
 
wheatgrass
 
10. Pasture 	 53 22 # 6, (26%); # 11 (11%); # 2 (8%)
 
11. Alfalfa 	 86 27 # 10 (9%)
 
12. Western wheatgrass 89 41 ­
13. Irrigated wheat 88 2 # 10 (12 %)
 
14. Marsh 	 99 0 ­
15. Tundra 	 100 0
 
MS = model success 
CE = commission error 
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Table D.13 shows the compositional information we received pertaining
 
to the dry range types. The "crested wheatgrass" fields are obviously
 
dominated by-grass species, but over the entire training set, only an
 
estimated -24% of-thecomer was actually crested wheatgrass. A high
 
probability of multimodality is confirmed by high standard deviations,
 
especiallyin the summer variables where variations ingrowth cycles
 
among the grasses would be most apparent.
 
Inorder to reduce the impact of the multimodal characters of the
 
above models, we decided to restructure the dry range classification into
 
a more generalized condition gradient. By combining detailed but ill­
shaped distributions, we hoped to overcome any local anomalies through
 
the increased separation of the central tendencies. Itshould be pointed
 
out that this strategy was necessitated in large part by the heterogeneous
 
nature of the detailed classes training fields; this combination should
 
not be taken as conclusive evidence of LANDSAT discriminant failure. To
 
the contrary, we feel that grazing condition information in excess of
 
that achieved is obtainable with more appropriate training model establish­
ment.
 
Our revised condition gradient was comprised of 1)very poor and
 
poor combined as poor, 2)fair maintained as fair, and 3) good, good­
excellent, and crested wheatgrass treatment combined as good. Table D.14
 
shows the improved results:
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Table D.14 	 Performance of Combined New
 
Mexico Dry Range Category Modals
 
Class Name MS CE Principle recipient of
 
# % % omission error-class # (%)
 
1 Prairie dog town 89 29 # 2/3 (10%) 
2/3 Poor condition sage 65 30 # 1 (15%); # 6/7/9 (14%) 
5 Fair condition sage 94 0 ­
6/7/9 Good condition sage 86 10 # 2/3 (14%)
 
8 Winterfat - sage 97 22 ­
12 Western wheatgrass 94 6
 
The between class F values improved as well. In Table D.15 the
 
revised matrix is labeled alphabetically to facilitate comparison with
 
the original matrix; corresponding elements of the original matrix are
 
values between those classes which were combined to form the revised
 
categories.
 
As seen in Table D.14, there still persisted some confusion, mostly
 
between the poor and good condition classes. This was preditable given
 
the heterogeneous nature of the training fields, but the magnitude and
 
simplicity of error warranted further manipulation. In spite of our
 
lack of spatial familiarity with the compositional patterns within each
 
field, we felt it necessary to remove the anomalous portions from the
 
grazing gradient classes, in order to insure a classification based on
 
condition instead of species dominance or other extraneous factors. There­
fore, we cleaned the three condition classes; eliminating 13% of the good
 
class, 6% of the fair class, and 27 % of the poor class. This resulted.
 
in a 90% or greater model success for all classes in the subset, with
 
less than 10% commission error rates.
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Table D.13 STAND COMPOSITION # coverage ranking
 
#- % of coverage(T=single transect;
 
others eyeball)
p.
resent insmall amounts
 
Art. Gut/ Chrys. Euro-

GROUP TYPE spp. Bogr Agsm Sitan Salsola spp. tia -Acdes-. Atrcan.- PJ
 
POOR very poor 1. T 00 0 0 
H#I-

V annual
2. 

forbs'
 
poor 
 Q000®
 
T
 
poor-fair 60 25 10 5
 
FAIR (same) 45 45 5 5
 
GOOD good 60 10 30 V
 
good-excellent 40 40 20
 
crested T 18 32 2 4 18
1.
wheatgrass 

T
 
2 12 15 35 38
 
T
 
3. 5 35 54 15
 
WINTERFAT (same) 30 45 2 3 20
 
P. DOG TOWN (same) 0 0 0 0 
_ 0_ 
Art. spp - sage species Gut/Sitan - snakeweed/squirrel tail Eurotia - winterfat
 
Bogr - blue grama grass Salsola - Russian-thistle Agdes - crested wheatgrass
 
Agsm - western wheatgrass Chrys. spp. abbitbrush species Atrcan - fourwing saltbush4
 
PJ - pinyon/juniper 
Table D.15
 
poor 19 TYPE F-MATRIX
 
(values rounded to integers)
 
pdor-fair 37 37
 
fair 19 A 48 A 40
 
good 6 B 27 B 40 10
 
good-excel 8 B 14 B 49 33 E 10
 
cr. whtgr 14 B 18 69 35 E 07
 
winterfat 5 17 C 14 14 F 8 H 10 H 13 H
 
47 J
p.dog town 507 D 67 89 G 54J 32 37 K
 
GROUP F-MATRIX
 
(values rounded to integers)
 
101 A
FAIR 

B E
GOOD 21 124 

66 23 H
WFAT 14 C F 

PDOG 29 D 98 G 50 J 37 K
 
POOR FAIR GOOD WFAT
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LUSH'CLASSES
 
The lush subset had good overall internal sepability. The OVERLAY
 
output inFigure I shows.the spatial distribution of classification
 
results with original training models. The large letters next to each
 
field indicate the original field identity. The two irrigated wheat
 
fields near the top were mapped in 1975 as a semi-circular field with a
 
rectangular plot on the southeast; it is obvious from this output that
 
the year before, 1974, when our imagery monitored the scene, the wheat
 
field was comprised of one full circular irrigator. This points up the
 
problems of establishment of training fields at a different time from the
 
date of the imagery. The triangular area inthe middle of the figure
 
shows boundary mixture between the alfalfa and pasture training fields.
 
While part of this error may be due to the spectral similarities of the
 
two types, their boundary confusion sheds suspicion on the compromises
 
of imperfect interdate registration, and the resulting importance of
 
establishing spatially isolated training fields when working with
 
multidate analysis. We cleaned the three classes mentioned above to
 
remove these obvious confusions.
 
FOREST CLASSES
 
After reviewing the original STATGEN results of the subset, we
 
decided that each pinyon-juniper field was sufficiently distinct from
 
the rest to remain a category on its own. We had received no indications
 
from the state lead agency as to their intent in terms of PJ inventory,
 
and since the cover type is so prevalent inthe areas to be classified,
 
we felt the information generated through the maintenance of suocategories
 
would be of value. A similar logic was employed for the three mixed
 
conifer categories (types M, F, and X).
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Figure D-1. Lush Subset OVERLAY Output Spatial relationship
of original classification results. 
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oR~114NAL PAGE 3k.IV'  QUALITY~ 
Original model performances are summarized in Table D.16, and the
 
compositional information pertinent to the PJ and mixture classes is
 
found inTable D.17.
 
That these subcategories were not entirely satisfactory was immediately
 
apparent. Similarities between types A and C, and F and M were confirmed
 
by relatively low between class F-values. However, since we endeavored
 
to classify on a subcategory basis, consistency dictated that we maintain
 
by reasonable means all the subcategories, to avoid grouping any weaker
 
types and so creating intermediate imbalances similar to figure 6.3.
 
High standard deviations were found in the X mixture (spruce-ponderosa),
 
in the ponderosa, and in the cottonwood type. The X mixture field was
 
weakened by random rock outcrops, highly variable slopes, and the differing
 
illumination properties of east, north, and west aspects. The ponderosa
 
.variance problems arose in the summer IRvariables, which leads to the
 
suspicion that understory characteristics were spatially inconsistent to
 
a damaging degree; perhaps subdivision of this class would have been
 
appropriate. The cottonwood field was affected by a parity scan-line
 
data problem on the July date, and since the sample size for this class
 
was at the low extreme, we could not afford to eliminate any of the
 
noisy pixels.
 
Cleaning was applied to selected classes. Satisfactory improvements
 
were achieved inall models, but the two pairs of mixture confusions
 
(A/C and F/M) remained resistent in terms of ommission criteria; however,
 
their commission errors rates with other classes dropped (see Table B.18).
 
The best cleaning results were obtained in the ponderosa category, where
 
management differences associated with land ownership had rendered
 
anomalous a portion of the model which crossed into an adjacent section.
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Table D.16 Original Forest Subset
 
Model Performance in
 
New Mex-ico
 
Class Name MS 
% 
CE 
% 
Principle recipients of omission 
error-class # (%) 
Pinyon-Juniper - Type A 77 11 # 3 (23%) 
Pinyon-Juniper - Type B 97 8 -
Pinyon-Juniper - Type C 83 41 # 1 (10%), # 2 (7%) 
Pinyon-Juniper - Type D 91 6 # 7 (5%), # 6 (2%), #9 (2%) 
Pinyon-Juniper - Type E 91 0 # 1 (9%) 
Mixed Conifer - Type F 91 41 # 7 (6%) 
Mixed Conifer - Type M 70 26 # 6 (18%), # 4 (6%), # 1 (6%) 
Ponderosa Pine 71 4 # 9 (19%), #6 (5%) 
Oak-Ponderosa Pine 96 23 # 8 (3%) 
Mixed Conifer - Type X 83 4 # 6 (12%), # 7 (2%) 
Spruce 100 1 -
Aspen 100 0 
Cottonwood 100 0 
Residential-very low density 100 0 
(Rural - PJ) 
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Table D.17 	 Composition of Conifer Mixture
 
Category Models in New Mexico
 
Class Name Pied Jusc Bare C.D. Grass Spruce Pipo Dfir Sg/Sn Rock Litter
 
Pinyon-Juniper Type A 95 5 0-5 XX X
 
Pinyon-Juniper Type B 90 10 70) X X
 
Pinyon-Juniper Type C 70 30 Rl) X X
 
Pinyon-Juniper Type D X X E X X
 
Pinyon-Sage 50 X 50
 
Mixture F 10 50 0] 10-40 40] 20 20 
Mixture M 
- 25 0] 0-7] j60 50 '25 
Mixture X E2q X X X 
Pied - Pinyon Pine Pipo - Ponderosa Pine
 
Jusc - Rocky Mt. Juniper Dfir- Douglasfir
 
Bare - unvegetated Sg/Sn - Sage/snakeweed

C.D. - crown density (brush fraction)
 
Rock - outcrops
 
All #'s are percents:

outside [l 
 are estimates of proportion
 
ifvegetatuve fraction
 
inside 0 are estimates of proportion 
of total area 
X - type present 
XX - type present in substantial proportion 
40 
Table D.18 Final Forest Subset Model
 
Performance inNew Mexico
 
Class Name MS CE Principle recipients of 
# % % omission error-class # (%) 
1. Pinyon-Juniper Type A 82 2 # 3 (17%) 
2. Pinyon-Juniper Type B 97 3 -
3. Pinyon-Juniper Type C 97 31 
4. Pinyon-Juniper Type D 96 1 -
5. Pinyon-Juniper Type E 100 0 -
6. Mixed Conifer Type F 93 28 # 7 (7%) 
7. Mixed Conifer Type M 76 21 # 6 (21%) 
8. Ponderosa Pine 92 0 # 9 (3%), # 6 (3%) 
9. Oak-Ponderosa Pine 100 0 -
10. Mixed Conifer Type X 91 0 # 6 (7%) 
11. Spruce 100 0 -
12. Aspen 100 0 -
13. Cottonwood 100 0 -
14. Residential-very low 100 0 -
density (rural PJ) 
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Table D.19 	 New Mexico Development Class Model
 
Performances, Manipulations and
 
Final Configurations
 
Class Name 	 MS1 CE1 R1 MS2 CE2 R2 MS3 CE3 Prihciple recipient....
 
.......... (Iteration 3) 
Residential very low 100 9 - 100 3 - 100 0 
density (rur-PJ) 
Very Small Town 92 0 8 95 0 5 100 0 
Residential low density 98 5 - 98 3 - 100 2 
Residential Old medium density 94 3 4 96 1 3 99 0 # 8!(1%) 
Residential New medium density 97 0 3 100 0 - 100 0 - -
Mine 94 0 4 ,97 0 1 97 0 # 7 j(2%) 
Tailings "pond" 100 16 - 100 6 - 100 6 ­
Warehouse-railyard 79 18 15 91 12 3 97 6 # 3 (3%) 
Urban 	 95 13 - 98 5 - 98 2 # 8 (2%) 
MSi- Percent model success at interation i 
CEi- Percent commission error at iteration i 
Ri - Percent reduction in class sample by
cleaning after iteration i
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Introduction
 
The Los Alamos Scientific Laboratory thru its Regional Studies Program
 
assisted the Federation of the Rocky Mountain States with their NASA funded
 
Remote Sensing Resources Project. The purpose of this collaboration was to
 
demonstrate the practicality of combining LANDSAT-derived data with other
 
data sources for land use planning.
 
LASL supplied technical management for the project during the period
 
July 15, 1976 to September 15, 1976. The LASL supported technical management
 
functions included:
 
a) Advising state and FRMS personnel in obtaining the necessary
 
ancillary data and associated documentation.
 
b) Design, implementation, and operation of the ancillary data
 
checking/processing/revision cycle.
 
c) Assisting state personnel in formulating the structure of the
 
compositing studies.
 
d) 	Designing and programming the necessary codes (see Appendix) to
 
allow conversion of the Colorado State University RECOG-LMS output
 
data into forms that could be used by map compositing programs.
 
e) 	Performing the conversion of the CSU-data into composite source
 
map forms.
 
f) 	Production of the composite analyses for four states (Colorado,
 
Wyoming, New Mexico and Arizona); the remaining states (Utah and
 
Montana) electing to perform their compositing studies with their
 
own systems.
 
Since it took longer to accumulate the data than was originally anti­
cipated, it was not possible for LASL to complete all map compositing on
 
schedule. Therefore some of the compositing analyses were transferred to
 
the 	Colorado School of Mines and completed by Dr. A. K. Turner. Color slides
 
of selected map topics were consequently generated at Los Alamos. Computer gen­
erated maps, statistical data and color slides were delivered to the state
 
personnel during the September 13-14 project review meeting in Denver.
 
The Los Alamos Geo-Information Processing Capabilities
 
This project utilized the Generalized Mapping Analysis Planning System
 
(G1APS) implemented at Los Alamos in 1975.
 
The GMAPS programs allow the overlaying, or "compositing" of maps
 
using arithmetic and logical expressions. "Arithmetic compositing" is a
 
simple extension of a tonal overlay procedure. The map components are
 
weighted and combined cell by cell using addition, subtraction, multipli­
cation or division operators. "Logical compositing" allows for a cell-by­
cell comparison of the conditions occurring on two or more maps, using "and"
 
and "or" logical operations.
 
The GMAPS programs were designed for data compatibility with a pre­
existing family of composite mapping programs developed by the U. S.
 
Department of Commerce and widely used by state governments in the Rocky
 
Mountain region. The LASL system is functionally identical to the GMAPS
 
programs developed at the Colorado School of Mines on their DEC-10 computer.'
 
This compatibility proved advantageous for this project, since initial compos­
iting runs were begun at Los Alamos, and completed at the Colorado School of
 
Mines. 
The LASL version of GMAPS differs from the version at CSU in that it is
 
an interactive system, designed to take advantage of the larger computing
 
power and sophisticated display hardware available at the Laboratory. The
 
ability to directly generate 35-mm color slides of the maps and composites
 
was demonstrated to the state agencies.
 
'Turner, A. K., Computer Aided Environmental Impact Analysis Parts 1 and 2,
 
Mineral Industries Bulletin, Vol. 19, Nos. 2 and 3, 1976, Colorado School
 
of Mines.
 
Cost Comparisons
 
In order to compare the cost effectiveness of this study with costs of
 
other systems and with costs from larger production projects, discussions
 
were held with personnel at the Laboratory for Applications of Remote
 
Sensing (IARS) in Lafayette, Indiana, at the Slidell Computer Facility,
 
George C. Marshall Spaceflight Center (NASA), and at the'Technology Appli­
cations Center (TAC) of the University of New Mexico. Cost effectiveness
 
comparisons are summarized below.
 
a) Cost Effectiveness of Composite Mapping
 
Map compositing procedures, using GMAPS or other equivalent modern sys­
tems, appear efficient, attractive, and cost effective. The costs shown in
 
Tables 1 and 2 are based on several large scale operational projects. 1,3 
Comparisons based on these studies indicate cost and manpower savings in the 
order of six to eight, if data base development costs are included; and much 
larger savings (in the order of 100:1) if pre-existing data bases can be used. 
Costs derived from a small demonstration project such as this, where con­
siderable "learning costs" are unavoidably included, will naturally be higher.
 
b) Cost Effectiveness of LANDSAT Data Processing
 
The computer-aided satellite imagery interpretation processes are yet
 
to be proved viable in terms of costs, hardware requirements, or product
 
production times.
 
Figures quoted at the September 13-14 project review meeting were up to
 
$300.00 per quadrangle for computer time to classify the 30,000 or so
 
pixels, once the signature training was completed. These costs translate
 
into 14/pixel or $6.00/square mile for classification. These costs do not
 
include personnel costs. Similar computer costs were expected for the
 
signature training.
 
Table 1. Estimated cost (per sector**) for several
 
GMAPS operations
 
OPERATION COMPUTATION LINE-PRINTER
 
COSTS COSTS
 
Load map source deck $0.95 $0.35 pom AGR jW~ 
Print a symbolic map 0.95 0.25 
Print a gray-tome map 1.25 0.35 
"Value" a map file 0.95 ---­
(symbolic-numeric
 
conversion)
 
Combine map files 
a) 2 maps $0.95
 
b) 5 maps 1.25 ---­
c) 10 maps 2.25 ---­
(maximum)
 
Histogram 0.20 $0.05
 
Table 2. Estimated average cost (per sector**) for
 
GMAPS data preparation
 
CLASS OF AVERAGE HOURLY AVERAGE
 
OPERATION EMPLOYEE TIME (hr.) RATES S COSTS $
 
Source map preparation Technician 3 4.00 12.00
 
(includes replotting to
 
standard scale)
 
Data encoding on Technician 2 4.00 8.00
 
"sector masters"
 
Punching of card decks Keypunch* 1 1/2 6.00 9.00
 
Operator
 
Loading correcting
 
data decks Technician 2 4.00 8.00
 
Professional supervision Professional 1/2 12.00 6.00
 
Computer charges None 120 sec 210.00** 7.00
 
(2-3 runs and 1 set of (0.033 hr)
 
maps assumed) (DEC 10 system)
 
TOTAL $50.00
 
*A commercial keypunch service was used.
 
**Compositing activity costs are based on a man sector (120 x 120
 
cells) and should be multiplied by 2.5 for the average 7-1/2
 
minute quadrangle.
 
***Computer costs at LASL are considerably less; however, thp
 
systems are not available for general use.
 
Approximately half the CSU subcontract value ($90,000.00) was used for
 
program development, and half for the actual product generation. Assuming
 
24 quadrangles were classified (four in each of six states) and $48,000.00
 
was spent on this process, a cost of $2,000.00 per quadrangle (or about
 
$40/square mile or $0.0625/acre) was the total cost for both personnel and
 
computer time. These estimates are conservative, since fewer than 24 quad­
rangles were processed, and additional CSU money was required to supplement
 
the project funds.
 
c) LARS Accuracy Estimates
 
In the period 1972-1974, LARS conducted a multidisciplinary study of LANDSAT
 
data applications in rugged mountainous terrain in central and southwestern
 
Colorado. 2 The work was undertaken jointly with the Institute of Artic
 
and Alpine Research (INSTAAR) of the University of Colorado in Boulder.
 
Several test sites were selected, the largest included 1,011,740 hectares
 
(2,456,000 acres) in the San Juan Mountains of Southwestern Colorado.
 
This test site contained sixty-three 7-1/2 minute U.S.G.S. quadrangles.
 
A Level-l classification of cover type was attempted, utilizing only
 
three wavelength bands (MSS bands, 4, 5, and 7) on a single date. Two main
 
products were produced--a classification map and tabular estimate of area
 
covered by each Level-l cover type.
 
Utilizing the cover type maps prepared by INSTAAR, 100 test areas
 
totaling 16,170 data points of known cover type were defined. The size of
 
the individual test areas ranged from less than 50 data points to over 1,000
 
data points, but most areas contained between 150 and 250 data points. An
 
effort was made to select test areas in a quadrangle in which no training 
areas were located, and no data points that were used both for training and 
testing. 
2R. M. Hoffer, et.al., "Natural Resource Mapping in Mountainous Terrain by
 
Computer Analysis of ERTSI Satellite," Research Bulletin 919, Laboratory
 
for Application of Remote Sensing, Purdue University, Lafayette, Indiana,
 
1975.
 
Table 3 shows the test area performance at Level-I for all of the
 
test areas defined and indicates that the overall performance was approxi­
mately 91% correct.
 
The comparison of the area estimates obtained by the computer classi­
fication with those obtained from the type map developed through aerial
 
photo-interpretation techniques is shown in Table 4.
 
It was concluded that no consistent bias occurred in computer generated
 
cover estimates, they were reasonably close to manually prepared estimates,
 
and the total acreage estimates become more accurate as the size of the
 
area involved becomes larger.
 
d) LARS Cost Estimates
 
In order to evaluate costs, two study areas of different size were
 
selected for comparison--the Vallecito Intensive Study Area (57,000 acres)
 
and the San Juan Mountain Test Site (2,456,000 acres).
 
In calculating the computer classification costs for each area, the
 
amount of time involved in handling of the data prior to classification,
 
developing training statistics, classifying the data, and evaluating the
 
results were recorded. For comparison, INSTAAR kept track of the amount of
 
time necessary to obtain cover types maps and areal estimates on a quadrangle
 
by quadrangle basis, using manual interpretation techniques. The type map
 
was obtained by photo-interpretation (PI) of WB-57F color infrared photo­
graphy. Areal estimates were obtained by planimetering the cover type map
 
that resulted from the airphoto interpretation effort.
 
This study was not intended to evaluate the cost of computer and
 
manual interpretation techniques under an operational type of environment,
 
but there are four aspects in the cost evaluation study which should be
 
Table 3. San Juan Mountain test site, level 1 test field performance.
 
No. of Percent
 
Group samples correct Conifer Deciduous Grassland Barren Shadow Water
 
1. Conifer 9,634 94.6 9,110 22 	 53 21 332 96
 
2. Deciduous 1,475 87.2 113 1,286 	 76 0 0 0
 
3. Grassland 3,677 81.3 	 49 129 2,988 510 1 0
 
4. Barren 	 35 97.1 0 0 1 34 0 0
 
5. 	Water 1,349 98.9 6 0 0 0 9 1,334
 
TOTAL 16,170 9,278 1,437 3,118 565 342 1,430
 
Overall performance (14,752/16,170) = 91.2
 
Average performance by class (459.0/5) = 91.8 
0
 
Table 4. San Juan Mountain test site, areal comparison
 
between type map (INSTAAR) and computer classi­
fication (LARS) (%).
 
Area Forest Grassland Barren Water
 
Ludwig
 
LARS 73.6 25.6 0.7 0.1
 
INSTAAR 84.0 15.8 0.1 
 0.1
 
Durango
 
LARS 57.0 38.7 4.2 0.1
 
INSTAAR 61.8 34.0 4.0 0.2
 
Handles
 
LARS 14.3 58.8 24.3 2.5
 
INSTAAR 23.6 41.6 34.8 0.0
 
Hermosa
 
LARS 78.4 19.3 2.1 0.2
 
INSTAAR 87.6 9.8 2.4 0.2
 
Snowden
 
LARS 49,4 38.0 10.6 2.0
 
INSTAAR 43.9 38.4 17.0 
 0.7
 
Howardsville
 
LARS 20.0 58.2 19.7 2.1
 
INSTAAR 29.4 58.0 12.3 0.3
 
Vallecito
 
LARS 81.6 5.1 1.3 12.0
 
.INSTAAR 82.7 4.7 0.7 11.9
 
understood in order to properly evaluate the results obtained:
 
1) Costs were not included for the data acquisition, either by
 
aircraft or satellite;
 
2) The data analyses were started with personnel who were trained in
 
the proper analysis techniques;
 
3) 	The personnel were familiar with the characteristics of the cover
 
types in the study site before beginning the analysis and
 
adequate background information concerning the characteristics of
 
the area was available to the analyst at the outset of the data
 
analysis;
 
4) 	Overhead costs were not included.
 
The photo-interpretation did not develop a cover type map for all of
 
the 63 quadrangles within the San Juan Mountain Test Site. However, cover
 
type maps were developed by photo-interpretation techniques for all or por­
tions of 19 quadrangles within the test site. From this information, the
 
average cost for photo-interpretation and areal estimation for a single
 
quadrangle was calculated and these "per quadrangle" costs were used to
 
determine what the cost would have been for the entire San Juan Mountain
 
Test Site. More than a third of the entire test site was actually analyzed
 
with the photo-interpretation approach, thus these cost figures are assumed
 
to be approximately correct for the entire test site.
 
The costs involved in the computer-aided analysis of the Vallecito
 
Intensive Study Area and the San Juan Mountain Test Site are shown in Table
 
5. 	This table shows that the costs involved do not increase at the same
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Table 5. Computer classification time and costs 
for the Vallecito intensive study area and the San Juan Mountain test site.
 
Vallecito intensive study area San Juan Mountain test sitea 
Item 
Preprocessingd 
Classification 
Develop training stats 
Classification 
Tabulation and evaluation 
Man 
Hours 
20 
21 
(20) 
(I) 
9 
(23,070 hectares) 
Personnel Computer 
cost ($)b time (hr.) 
100.00 0.012 
105.00 0.890 
(100.00) (0.800) 
(5.00) (0.090) 
45.00 0.250 
Computer 
cost ($)c 
3.00 
222.50 
(200,00) 
(22.50) 
62.50 
Man 
Hours 
20 
30 
(28) 
(2) 
10 
(1,011,740 hectares) 
Personnel Computer 
cost ($)b time (hr.) 
100.00 3.824 
150.00 4.556 
(140.00) (1.000) 
(10.00) (3.556) 
50.00 0.450 
Computer 
cost ($)c 
956.00 
1139.10 
(250.00) 
(889.00) 
112.50 
of classification results 
Test area evaluation 
Areal estimate evaluation 
Total 
Cost/hectare 
(Cost/acre) 
(6) 
(3) 
50 
(30 00) 
(15.00) 
$250.00 
$0.010 
($0.004) 
(0.150) 
(0.100) 
1.152 
(37.50) 
(25.00) 
$288.00 
$0.012 
($0.005) 
(7) 
(3) 
60 
(35.00) 
(15.00) 
$300.00 
$0.0003 
($0.0001) 
(0.250) 
(0.200) 
8.830 
(62.50) 
(50.00) 
$2207.50 
$0.0022 
($0.0009) 
asan Juan Mountain test site (2,456,000 acres) is approximately 42 times as 
large as the Vallecito intensive study area
(57,000 acres).
 
bBased on a salary of $10,400 per year and no overhead costs.
 
CBased on the Purdue University-approved rate of $250.00/hr. for the IBM 360/67.
 
dIncludes reformatting and geometric correction of ERTS-I data, and preparation of support data for analysis.
 
rate as the increase in the size of the area (the cost per unit area does
 
not remain constant). The size of the area classified increased by a
 
factor of 42 when going from the Vallecito Intensive Study Area to the San
 
Juan Mountain Test Site, whereas the total cost increased only by a factor
 
5 ($250 + S288 vs. $300 + $2207 = $2507). This is because approximately
 
the same amount of time had to be spent in developing the training statistics
 
for the Vallecito Intensive Study Areas as for the San Juan Mountain Test
 
Site, so the personnel costs did not increase substantially in spite of the
 
considerable increase in size of the area involved. Most of the increase
 
in cost, when going to a larger area, is due to the increase in computer time
 
required. In this case, the total computer time required increased by a factor
 
of 8. Additional computer time is usually required to do the preprocessing
 
(geometric correction) and the actual computer classification.
 
The time and costs involved in obtaining type maps and areal estimates
 
by photo-interpretation, and planimetering the type maps for the Vallecito
 
Intensive Study Area and the San Juan Mountain Test Site are shown in
 
Table 6. The cost for obtaining the results is directly proportional to
 
the size of the area, therefore the cost per unit area is the same
 
($0.0046 per acre).
 
Table 7 is a summary of Table 5 and Table 6, comparing the total cost
 
figures for the Vallecito Intensive Study Area and the San Juan Mountain
 
Test Site, using both analysis techniques. On a relatively small test site,
 
like the Vallecito Intensive Study Area, the photo-interpretation approach is
 
more cost-effective--about half of the cost for computer-aided analysis.
 
However, when considering a relatively large area, like the San Juan Mountain
 
Test Site, the photo-interpretation approach cost over four times more than
 
the computer-aided analysis of the same area.
 
Table 6. Time and costs involved in obtaining type maps and areal estimates by photo-interpretation
 
and planimetering for the Vallecito intensive study area and the San Juan Mountain test site.
 
Vallecito intensive Entire San Juan Mountain
 
study area Per quad test site
 
Man Personnel Man Personnel Man Personnel
 
Item hours cost hours costs hours costs
 
Preparation 3 $ 15.00 2 $ 10.00 126 $ 630.00
 
Type mapping 40 200.00 27 135.00 1701 8,505.00
 
Planimeter and
 
areal estimates 9 45.00 6 30.00 378 1,890.00
 
Total 52 $260.00 35 $175.00 2205 $11,025.00
 
Cost/hectare 0.011 0.011 0.011
 
(Cost/acre) (0.0046) (0.0046) (0.0046)
 
*Based on a salary of $10,400 per year and no overhead costs.
 
Table 7. Summary of total costs for computer aided-analysis and photo-interpretation*
 
Vallecito intensive study area 

(57,000 acres) 

Computer 

Item classification P-I 

Preprocessing or ....... 103.00 15.00 

preparation .......... ($1.15) ($0.17) 

Classification or ...... 327.50 200.00 

type mapping ......... ($3.68) ($2.24) 

Evaluation or .......... 107.50 45.00 

planimetering ........ ($1.21) ($0.51) 

Total ............ $538.00 $260.00 

($6.04) ($2.90) 

Cost/hectare ........... $0.022 $0.011 

Cost/acre .............. $0.0094 $0.0046 

*Cost figures in parentheses are cost/square mile.
 
0 0
 
San Juan Mountain test site
 
(2,456,000 acres)
 
Computer
 
classification P-I
 
1056.00 630.00
 
($0.27) ($0.16)
 
1289.00 8505.00
 
($0.34) ($2.18)
 
162.50 1890.00
 
($0.04) ($0.48)
 
$2507.50 $11,025.00
 
($0.65) ($2.90)
 
$0.0025 $0.011
 
$0.0010 $0.0046
 
Based on these estimates, LARS concluded that for areas over 100,000
 
acres computer-aided analysis becomes more cost-effective than photo­
interpretation for obtaining maps and areal estimates of Level-I cover types.
 
e) Slidell Cost Estimates
 
A visit to the Slidell facility in November 1976 yielded the following
 
estimates. Slidell has been developing a digital processing system using a
 
relatively small computer, a VARIAN V-75. They estimate equipment costs in
 
the range from $150,000 to $400,000, depending on the size of the computer
 
and the peripherals included. The upper end of the costs includes a larger
 
computer, a disk, an electrostatic plotter, two tape drives, and other
 
peripheral equipment which would form a very complete system.
 
With such a system, the Slidell personnel estimate that they can
 
"process" about one LANDSAT scene per week utilizing about 10 people. By
 
the term "process," they mean a complete job; including ground truth studies,
 
all datajpiocessing, and the production of finish map products. Typical map
 
products are 1:250,000 scale Level-i cover types. They estimate costs of
 
about $0.80/square mile to $1.00/square mile (or $0.00125/acre to $0.00156/
 
acre) at this level of production.
 
One advantage of the Slidell system is its much lower capital equip­
ment costs. Costs in the range quoted appear within reach of state agencies
 
or private industry. However, product costs are dependent on a continuing,
 
fairly even demand for about one LANDSAT frame per week (to 50 frames per
 
year).
 
f) TAC Cost Estimates
 
TAC has not conducted computer-aided classifications. However, they
 
have conducted a number of photo-interpretation studies, at a variety of
 
scales. A vegetation maj of the state of New Mexico was produced for about
 
$24.40/square mile ($0.038/acre). This was basically a Level-l cover type
 
map 	and covered about 122,000 square miles. Another study of about 1,000
 
square miles produced a map of Levels 1 and 2 cover types at 1:31,680 scale
 
for 	$0.02/acre. However, photos were supplied free of charge in this study.
 
Observations
 
From the experience gained in this study, it seems warranted to docu­
ment several observations.
 
1) 	For this project computer-aided satellite imagery interpretation
 
was not demonstrated viable in terms of costs, hardware require­
ments or product production times.
 
2) 	Computerized map compositing procedures for this project were shown
 
to be efficient and cost effective tools for land use planning.
 
3) 	The state agencies, while enthusiastic in experimenting with com­
positing tools, need more education in how to use them. Those
 
states which had earlier opportunities to work with compositing
 
designs were generally better able to produce source data suitable
 
to 	the applications.
 
4) 	In order to have and maintain a cost effective operational state
 
based program for land use planning using satellite digital data,
 
the state agencies must have facilities and skilled personnel suf­
ficient to process LANDSAT data.
 
5) If there are to be additional cooperative studies among the states,
 
compositing strategies should be standardized.
 
6) Preprocessing of LANDSAT data should be extended to remove radio­
metric distortions.
 
These observations may be helpful in planning future similar endeavors.
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Appendix
 
The RECOG-GIMAPS Interfacing Procedures
 
The interfacing procedures required to convert the data produced at CSU 
by their RECOG(or LMS) programs into the standard input format for GMAPS 
programs were developed by A. K. Turner at LASL. 
The tapes as received from CSU were those produced by PHASE S of the 
RECOG System. 3 They were written at SOOBPI in SCOPE Internal, binary for­
mats and contained certain header information in the first record, followed
 
by a sequence of records, one per map scan line, containing a pair of values
 
for each cell (or pixel). In each data pair the first value is the classifi­
cation code and the second a discriminant Yalue.
 
Figure 1 shows how the interfacing was accomplished. There were, for 
purposes of convenience, two computer programs called ERTSI and ERTS2. The 
first program, ERTSI, accepted the CSU tapes and, through interactive ques­
tioning to the user, converted the five character CSU land use codes found 
in the first tape record into legend inforzation. The remaining data on the 
CSU tape were divided into two files containing formatted record sequences. 
One file sequence contained the legend information and the symbol strings
 
corresponding to the land use definitions for each cell (or pixel). The
 
other file contained the discriminant values for each cell. Both files con­
tained one record set for each line across the entire map width.
 
3T. Ells, L. D. Miller, and J. A. Smith, User's Manual for RECOG (Pattern 
RECOGnition Programs), Science Series No. 3B, Department of Watershed 
Science, College of Forestry and Natural Resources, Colorado State University, 
Fort Collins, Colorado. 
The second program, called ERST2, converted these two intermediate files
 
into a single GMAPS input file. These files are organized into "sectors,"
 
a sector being a block of 120 x 120 cells. Within each sector two sequences
 
of 60-character records, corresponding to the left and right halves of th
 
sector, are placed in sequence. These file structures are termed the
 
"P-cards" format and form the common data source formats for GMAPS and CMS
 
program types.
 
ERTS2 performed one other important function, the thresholding of the
 
data. At the user's option points with a low statistical significance may
 
be thresholded out by comparing their discriminant value to the chi-square
 
value corresponding to the number of channels used in the classification
 
and the desired threshold level. The procedure is identical to that defined
 
in the RECOG System documentation. If the discriminant value exceeded the
 
chi-square value, ERTS2 substituted a pre-defined "threshold" character for
 
the existing classification.
 
This process allows for the generation of a large number of different
 
thresholded variations of the basic LANDSAT-derived land use map data. Each 
such product can be handled by GMAPS as a separate input source. It was 
primarily for this reason that the interfacing operation was divided into
 
two stages, corresponding to ERTSI and ERTS2.
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OVERVIEW
 
Computer mapping, compositing and analysis programs have long been in
 
a development and demonstration stage. In recent years, however, many
 
organizations -- state, federal, local and private -- have been increasingly
 
using this technology for planning and decision-making.
 
Elected officials, responding to citizen concern, federal rules and
 
state laws, are being forced to make more and more tough decisions about
 
how land and natural resources are used.
 
In the sparsely settled and scenic states of the Mountain West, land
 
use and natural resource issues are especially important. Increased energy
 
development and potential boomtowns, combined with the region's water,
 
agricultural and recreational needs, make these issues recurring topics in
 
town councils, state legislatures and governors' offices throughout the
 
Mountain states.
 
Businessmen, too, are often faced with land use decisions, including
 
where to locate industries and plants for optimum productivity and profit­
ability -- with the least disruption to the environment and the most benefit
 
to the people nearby.
 
Public concern about the use of some land may be clear now, but areas
 
of future concern and land use conflict require more than a crystal ball
 
to deduce. Decisionmakers need to consider all components of the present
 
and future environment in order to make responsible plans. Computer mapping
 
technologies are recognized more and more as useful tools for helping to
 
solve these types of problems.
 
This report was compiled because of the many recent activities in the
 
Western United States using computer mapping. A questionnaire was sent to
 
persons and organizations known to be involved in geographic computer analysis.
 
As a result, there are probably many who are not included here. Those who
 
wish to be included in a future edition of this report should contact:
 
Douglas L. Mutter
 
2480 West 26th Avenue
 
Suite 300-B
 
Denver, CO 80211
 
(303) 458-8000
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There is a blank questionnaire in the back of this report for your
 
use.
 
Because this survey focused on multisource mapping efforts, it probably
 
underrepresents the range of projects that rely exclusively on LANDSAT data
 
sources. In fact, this Technical Paper was produced as part of a regional
 
remote sensing project to demonstrate the utility of LANDSAT digital data
 
in combination with other sources -- via computer mapping. Additional in­
formation about that project may be obtained from the above address.
 
At least one computer mapping activity was reported in each of the 14
 
states surveyed. Colorado had the most projects reported (28) with California
 
second (25). Most projects reported were sponsored by state agencies, followed
 
in number by projects sponsored by federal agencies, then counties and private
 
companies. The data compiled tend strongly to be used in the natural resources
 
and land-use/transportion areas. Nearly all projects reported are either
 
ongoing or were completed since January 1976. None were reported with a
 
pre-1970 completion date.
 
A variety of software packages is reported, as indicated on page 8. IBM
 
is the most frequently reported hardware system used, followed by CDC, UNIVAC,
 
Data General, and others.
 
This report is meant to be an initial survey of activities and organi­
zations doing computer mapping in the West. It is a starting point for those
 
who wish to gather additional information from contributors. It is also an
 
attempt to encourage greater information exchange and coordination among
 
those active in this area.
 
Comments, suggestions and criticism will be appreciated.
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INDICES
 
The completed questionnaires, the computer mapping information, are
 
indexed according to the state where the mapped area is located, the type
 
of sponsor of the work, the data in the systems, the date of completion,
 
the software used for analysis and the general type of hardware used.
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STATES 

Arizona 

California 

Colorado 

Idaho 

Montana 

Nebraska 

Nevada 

New Mexico 

North Dakota 

Oregon 

South Dakota 

Utah 

Washington 

Wyoming 

Regional 

United States 

See Pages:
 
11
 
19
 
45
 
85
 
89
 
98
 
100 
102
 
110
 
117
 
119
 
127
 
138
 
141
 
151
 
163
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SPONSORS 

Federal 

State 

Private 

County 

Municipal 

University 

Regional 

Indian Nations 

Other 

See Pages:
 
41, 48, 53, 65, 90, 93, 105-109, 113, 120, 143-144, 150,
 
153-163, 165-172
 
14-18, 48-49, 55-56, 59-61, 63, 69-70, 72-73, 87-88, 91-92,
 
94-99, 103-104, 111-112, 114-118, 122, 124-126, 129, 131, 137,
 
144, 148-149
 
27-28, 30-32, 35, 37-40, 43-44, 57-58, 66-68, 71, 128, 134,
 
152, 164
 
12, 28-30, 33-34, 36, 42, 46-48, 64, 74-84, 101, 124-125,
 
130, 133, 142, 144
 
20-23, 25-26, 48, 86, 142, 130
 
52, 62, 135
 
13, 24, 48, 50-51, 54, 122-125, 136, 139i-145-147
 
121, 140
 
132
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DATA 	 See Pages:
 
Soils 	 12-13, 15, 21-26, 34-44, 47, 50, 52, 58, 61-64, 69-73, 81-88
 
93, 95-103, 106-109, 113, 122-124, 129-131, 136-140, 147, 149,
 
154-161, 165, 172
 
Geology 	 12-13, 20-26, 35-40, 43-44, 47-48, 50, 52-53, 62-64, 66, 71-88,
 
95-97, 101-103, 105, 109, 124, 129-131, 136-139, 145, 147-150,
 
154, 165
 
Vegetation 	 12-13, 20-22, 24-27, 35-41, 43-44, 47-51, 53, 63-64, 66, 71,
 
76, 81-86, 93, 96-97, 101-103, 105, 109, 113, 118-120, 122-124,
 
129-131, 137-140, 144, 148-150, 154-161, 165, 172
 
Land Use 	 12-15, 20-26, 28, 30-32, 35-39, 42, 44, 47-48, 50-51, 53,
 
58, 60-65, 66, 71-73, 76, 81-88, 94-101, 104-112, 114-115,
 
118-120, 122-125, 129-131, 135-144, 146-147, 150, 154-161"
 
Transportation 	 13, 16-18, 22, 24-26, 30, 34-35, 37-39, 40-41, 47, 53, 58,
 
62-64, 66, 71, 81-86, 96-97, 109, 126, 129-131, 136-140,
 
148-150, 154, 172
 
Water 	 12-13, 20-27, 35-44, 47-48, 50, 53, 58, 63-64, 66, 69, 71,
 
81-88, 92, 96-101, 105-109, 120-122, 124, 129-131, 136-140,
 
148-150, 154-161, 165
 
Social 	 16-18, 21-26, 28-32, 38, 47, 53-54, 57, 62-64, 66, 71, 86,
 
109, 116, 126, 129-134, 137, 152-162, 165
 
Economic 	 20-21, 24-26, 38, 47, 54, 57, 66, 71, 86, 97, 106, 116, 126,
 
129-134, 137-139, 154, 162, 165-171
 
Wildlife 	 12-13, 22, 37-39, 47-50, 58, 63, 72-75, 78-84, 87, 90, 93,
 
96-97, 101-103, 105, 109, 129, 148-149
 
LANDSAT 	 14-15, 60-61, 94-95, 104, 111, 121-122, 125, 135-137, 146-147,
 
164
 
Recreation 	 35, 37-39, 53, 72, 76, 80-84, 105, 118, 126, 148-150
 
Topography 	 12-13, 15, 20-27, 37-41, 44, 50, 52, 58, 61, 66, 72, 78, 81,
 
96-97, 101, 105-108, 122-124, 128, 136, 139-140, 144-145,
 
147
 
Base Maps 	 37, 59, 69, 148
 
Hazards 	 13, 15, 21-22, 31, 36-39, 50, 53, 58, 72, 76-84, 118, 124, 147
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DATA (Cont'd) See Pages: 
Ownership 15, 29, 35-39, 47, 91, 105, 140, 147-148, 159 
Plans 29, 33, 48, 80-84, 118 
Historical 35, 37, 39, 55-56, 76-84 
Agriculture 66, 118, 126, 148 
Climate 66, 82, 140 
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DATE OF COMPLETION 

Prior to 1970
 
1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

Ongoing 

See Pages:
 
38
 
34, 154, 162
 
16, 40-41, 52, 54, 57, 134
 
44, 53, 145, 159
 
22, 24, 28, 42-43, 65-66, 118, 129,
 
142, 148
 
13, 20, 30, 64, 74, 78, 87, 133, 139,
 
143
 
12, 14-15, 23, 27, 29, 31-32, 39, 60-63,
 
80, 86, 94-97, 104, 106-109, 115, 120-121,
 
124, 126-128, 131-132, 135, 137, 144, 146,
 
165, 167-170
 
36, 46-47, 50-51, 55, 58, 69, 90, 105,
 
111, 114, 123, 125, 136, 164
 
21, 25-26, 33, 35, 37, 48-49, 59, 72,
 
76, 82, 91-93, 101, 113, 116, 122, 130,
 
140, 150-153, 166
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SOFTWARE 	 See Pages:
 
CMS-I (Composite Mapping System I) 	16, 52-54, 57, 66, 71, 133-134, 14S, 148,
 
154, 162, 166-171
 
CMS-II (Composite Mapping System II) 55, 69, 72-84, 87, 99, 116, 120
 
RAP (Resource Analysis Program) 

GMAPS (Generalized Map Analysis
 
Planning System) 

LMS (LANDSAT Mapping System) 

Montana Geodata System 

PIOS (Polygon Information Overlay
 
System) 

GRIPS (Guided Information from
 
Polygons) 

GRID 

RIMS (Resource Inventory
 
Management System) 

LIMAP (LANDSAT Imagery Map
 
Analysis Package) 

M-DAS (Multispectral Data
 
Analysis System) 

IMAGE 100 

COMPIS/FUIS 

NRIS (Natural Resources
 
Information System) 

MAP 

CLMATH 

SYMAP 

SPB Data Base System 

In-House System 

Quick Query Program 

131-132, 136-137, 164-165
 
15, 61-64, 106-109, 147, 150
 
14, 60, 94, 104, 135, 146
 
90-93
 
28-37, 39
 
35-37, 39
 
35-44, 58, 118, 130
 
113
 
121-125
 
111, 114
 
115
 
20-27, 50-51, 86, 101, 128, 139, 152
 
140
 
12-13
 
12-13
 
12-13
 
126
 
46-49, 59, 65, 72-84, 95-97, 129-130, 159
 
166-169
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HARDWARE See Pages:
 
IBM 28-44, 47, 55, 58, 69, 87-93, 99, 103, 111-113
 
116-118, 121-126, 140, 159
 
CDC 12-15, 49, 52-54, 57, 60-61, 65-68, 71, 94, 104-109
 
120, 135, 145-149, 153
 
UNIVAC 16-20, 22-24, 86, 131-134, 136-139, 154, 162-171
 
HONEYWELL 72-84
 
PDP 46, 62-64, 150
 
DATA GENERAL 21, 23, 25-27, 48, 50-51, 101, 128, 152
 
BURROUGHS 129-130
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COMPUTER MAPPING INFORMATION
 
Following are the completed questionnaires. They are arranged
 
alphabetically by the state in which the mapping occurred, followed by
 
multistate projects. Use of the indices, however, provides the most
 
efficient method of retrieval.
 
Some questionnaires included additional information on the data
 
files and software systems. Information about the mapped data is in­
cluded after the questionnaire; but, due to the nature of the report,
 
information about systems is not.
 
-i0­
AR IZONA
 
-11­
-- 
I 
QUC5TIONNAiLC December 19,/6 
COMPUTER O 0 1 
BACKGROUND D. 	 Organization the work was done for: ( ) U S. Bureau of Land tanagement'­
(Check One) ( ) U.S. Forest Service
A. Your Name William Rasmussen 
 ) U.S. Fish & Wildlife Service 
State Agency (Specify) t) U S. Bureau of Reclamation 
B. Your Organization Lab. Remote Sension & Computer Mapping () Other Federal (Specify) 
__________U.S.D 	 .A. 
C. Address School of Renewable Natural Resources
 
(X) County (Specify) Cochise County Planning DepartmentUniversity of ARizona 

()Municipality (Specify)____________________85721
Tucson, Arizona 

Other (Specify).
 
II Please 
indicate on the map below the aproximate boundaries E. Indicate the data or maps computerized.
of the computer composite mapping activity past or present) 
of which you are aware. Please use one questionnaire per (Yj Soils () Land Use ( ) Social 
study. (X) Geology ( ) Transportation ( ) Economic 
(Y0 Vegetation (9 Water t20 Other (Specify) Wildlife, 
Slope 
F. Indicate new data or maps created 	or composited 
(0 Optimal Location ) Econoic Indicators 
(.i Constraints to Development ( ) Statistics 
Social Indicators ( ) Other (Specify) 
G. In what form were the data encoded?
 
Cell ( ) Point C Polygon ( ) Tabular ( ) Other 
i'. H. What map scale was used? 
1 500.000 C)1:250,000 ()1:1,000,000 1 2i1,000 
C~Other (specify) 1:62 
I. What is the minimum area of the polygon or cell encoded? 
One acre T29 10 acres ( ) 40 acres ( ) 640 acres 
Other (specify)
 
00 Ill. Please provide the following information for the study J. Date work was initiated. July 1974
 
p on the map.
odesignated 	 Date work was completed .Ti,1" 107KA aeo h td ra Cochise County, Arizona 	 t 
A Name of the study area: CochsK. 	 What computer software was usel? Local, Clmath, Map, SYMAP 
B. Name of organization doing computer work: School of Renewable What conmiputer hardware was used i.e., IBM 370?) Dec. 10 - CDC-6400
~~~Whothe hardware? 	 ,n~ nowns computer (Organization) A 
> 	 Natural Resources, U. of Arizona Whoconsote comuterhardwre?1 
C. ecof or zation: ) Private Business ( ) Federal Agency L. Other comments (attach information as desired)ec 
 n ) State Agency ) Municipality 
County (X) University 
Other (Please specify) IV. Please I st or attach names and addresses of other individuals you think 
should receive this questionnaire 
Please return this questionnaire to. 	 Doug Mutter, Federation of Rocky Mountain Stales
 
2480 West 26th Ave., Suite 300B, denver, CO 80211
 
_________________________________ 
~QIL5I OMNA I REZ December 1916 
COMPUTER lAPPING 
I. 	 OACKGiROUND D. 	 Orqanization the work was done 	for: ()U.S. Bureau o Land Management 
A. 	 Youi Name A. WYourIean' Rnsin'sen 	 (Check One) () U.S. Foion,t Service( ) 	 U.S. Fish . Wildlife Service 
8. 	 Your Organization School of Renewable Natural Resources State Agency (Specify) ( ) U.S. Bureau of Reclamation( ) Other Federal (Specify) 
C. 	 Address University of Arizona 
County (Specify)Tucson, Arizona 85721 
Municipality (Specify)
 
iI	 (N Other (Specify) Southern Arizona Environmental Council 
II. Please indicate on the map below the approximate boundaries 
 E. 	Indicate the data or maps computerized:
of the computer composite mapping activity 
-past or present)
of which you are aware. Please use one questionnaire per 0 Solis (3,and Use( socal
study 00 Geology () 	Transportation 
 ( ) Economic 
(~Vegetation 00 Water C)Other (Specify) Slopes 
Flood Plain, Wildlife 
F. Indicate new data 	or maps created or composited
 
() 	 Optimal Location 09 	Economic Indicators
 
. Constraints to Development ) Statistics 
Social Indicators 
 ) Other (Specify) 
G. 
In what form were the data encoded?
 
Cell ( ) Point (X) Polygon ( Tabular ( ) Other 
H. 	What map scale was used?
 
1 500,000 ( ) I 250,000 ) 1I l,o00,OOO ( ) 1.24,000 
OLher (specify)
____. 
I. What is the minimum area of the polygon or cell encoded? 
CJ One acre ( ) 10 acres ( ) 40 acres () 640 acres 
Other (specify). 
Ill. Please provide the following information for the study 
 J. Date work was initiated: Feb. 1975
 
designated on the map. 
 Date work was completed: Aulg. 19)75
A. 	Name of the study area Tortalita Mountains, K. What computer software was useI? Local, MAP, Clmath, SYMAPPima County, AZ What 	computer hardware was
B. 	 Name of organization doing computer work used (i.e., IBM 3707) 
Laboratory for Remote Sensing & Computer Mapping 
Who owns the computer hardware? (Oranization) jjvrsiyjOmpULe(Location) univ. otAL. Center 
C. heype oranization: Private Business C()Federal Agency 	 Tucson. AZ 8572TOf oe (() L. 	Other comments (attach Information as desired)
tneck 
 C) 	State Agency ()Municipality 

County tO University
Other (Please specify) 
 IV. Please list or attach names 
and 	addresses of other individuals you think
 
should receive this questionnaire.

Please return this questionnaire to. 
 Doug Mutter, Federation of Rocky Mountain States
 
24b0 West 26th Ave., Suite 300B, 0envers 80211
 
_______________________________ 
10 
OUES1 IONNAIRE 	 Oecmbei 19.6
 
COMPUTER tin 
1.8ACKCIOUNU 
 D. 	Organization the work was done for. ( U S. Bureau or Land Management' 
(Check One)A. Your Name Doug Mutter I 	 C)USFrs evcU S Forest Servleeice
U.S Fish & Wildlife Service 
kC) State Agency (Specify) ( ) U S Bureau of ReclamationB. 	 Your Organization Federation of Rocky Mountain States Other Federal (Specify) 
, Re s o u r c e s Inf o , Sy s t. ( ) Other Federal (Spec_ _yC. 	 Address 2 4 8 0 IV. 2 6 th Av enu e - 3 0 0 B A z 
C)County (Specify)Denver, Colorado 80211 Municipality (Specify)
 
) Other (Specify) 
II. 	Please indicate on the map below the approximate boundaries E. 
Indicate the data or maps computerized:
 
of the computer composite mapping activity past or present)

of which you are aware. Please use one questionnaire per ( Soils 
 IX) Land Use /cover ( ) Socialstudy. 
 ( ) 	Geology ( ) Transportation ( ) Economic 
Vegetation ()Water (X) Other (Specify)
_____ 
Landsat
 
F. 	Indicate new data or maps created or composited
 
Optimal Location 	 ( )-Economic Indicators
 
Constraints to Development C) Statistics
 
Social Indicators 	 ( ) Other (Specify)
 
G. 	In what form were the data encoded?
 
xX)Cell C) Point ( ) Polygon ( ) Tabular ( ) Other
 
H. 	What map scale was used?
 
1.500,000 ( ) 1:250,000 ) l:l,OOO,ooo ( I 2A,000
 
Other (specify).
 
I. 	What Is the minimum area of the polygon or cell encoded?
 
4
One 	acre ( ) 10 acres ( ) 0 acres () 640 acres 
(x)Other (specify) 1.1 acre 
Ill. Please provide the following information for the study 	 J. Date work was initiated- 1975designated on the map. 
 Date work was completed: .tg/o
 
A. 	Name of the study area: Arizona Test Sites 
 K. 	What computer software was used? LMS 
What computer hardware was used- (i.e., IBM 370?) (,DC 640B. 	Name of organization doing computer work: Colorado 
 Who 	owns the computer hardware? (Orqanzaton) rnl . - llnj].
 
State University 	 (Location) Ft. Col li.,CO
 
C. hype
ofoOrganization: 
 (()Private Business ( ) Federal Agency L. Other comments (attach Information as desired)inek One) 	 State Agency ()Municipality 

County (X) University
 
Other (Please specify) 
 IV. Please list or attach names and addresses of other individuals you think
 
should receive this questionnaire.
 
Please return this questionnaire to. Doug Mutter, Federation of Rocky Mountain States
 
24bO West 26th Ave, Suite 3OOB, denver, CO 80211 
becnlbc, 1g)6Vu-t) I IUNrij Iit 
COMPUTER MAPPIN1G 
D. Organization the work was done for: 
 ( ) U.S. Bureau of 	Land Managenient'-A, Your 	 Name (Check One) 	 ( ) U S. Forest ServiceU.S. Fish & Wildlife Service
 
B. Your organ1zationFederation of Rocky Mountain States 
 P9 	 YState Agency (Specify) ( ) U.S. Bureau of ReclamationOther Federal 
(Specify)
 
C. Address 2480 IV 26th Avenue -300B A-Res. Tnfo. System
 
Denver Colorado 8021 
 County (Specify)

v Municipality 
(Specify)
 
(4 Other (Specify) for FlMS Landsat Project (NASA)Ii. Please indicate on the map below the a roximate 	 boundaries 
of 	
E. indicate the data or maps computerized.the computer composite mapping activity (past or present)
of which you are aware. Please use one questionnaire per

study. s Ils 4 Land use/Cover SocialGeology Transportation ( ) Economic 
Vegetation W)ater 	 6c) Other (Specify) Land owner, 
flood hazard, slope 
F. 	Indicate new data or maps created or composited.
 
Optimal Location C)Economic Indicators
c Constraints to 	Development ( ) StatisticsSocial 	Indicators 
 ( ) Other (Specify) 
01 	 G. In what form were the data encoded?
 
k Cell 
 ( ) Point ( ) Polygon ( ) Tabular ( ) Other 
H. 	What map scale was used? 
1500,000 ( ) 1:250,000 ( ) i-1,000,000 K) 1:24,000
 
Other (specify)
 
1. What Is the minimum area of the polygon or cell encoded? 
One acre ( ) 10 acres 0) acres C) 64O acres 
PCT Other (specify) 101 acre
Ill. Please provide the following information for the study 
 J. Date 	 work was initiated: 
designated on the map. 
 Date work was campIeted: r±71 IZ 
A. Name 	 of the study area: Hedgepeth Hills W.hat computerco puter software was usel? C-Maps l 6 0K. hat hardware was useu Z (ie. -1313apsB. Name 	of organization doing computer work: 
Los Alamos What computer hardware was useu
Who owns 	 (B.C., IBM 37)nCDC 6600the computer hardware? (Orqan zaton) TA'T, 
Scientific Lab (Location) Los Alamos.N ,M, 
C. yoaf oryanization:
C 	 ( ) Private Business 0 Federal Agencyo 	 L. Other coments
( ) State Agency 	 (attach information as desired)( ) Municipality
 
County ( ) University
Other (Please specify) 
 IV.Please list or attach names and addresses of other individuals you think
 
should receive this questionnaire.
Please return this 	questionnaire to: 
 Doug Mutter, Federation of Rocky mountain States
 
24d0 West 26th Ave., Suite 300B, uenvr, CO 80211
 
I 
QUESI IONNAIRE December 19/6 
CO PUTER fir % a 
UACKGAOUND 
. Oranzaton the work was done for: )'U.S. 	 Bureau of Land tianagement.
A. 	 Your Name DoIZ Mutter A r(M) (Check One) 	 ( ) U S forest ServiceU.S Fish G Wildlife Service
 
B. 	 Your Organization Federation of Rocky Mountain States (Oh Agency (Specify) U S BureauF StateOf Reclainolion 
C. Address 2480 W. 26th Avenue - 300B Health Planning Auth. Other Federal (Speciy) 
Denver, Colorado 80211 ) County (Specify) 
) unicipality (Specify).
 
Other 
(Specify)
 
It. 	Please indicate on the map below the aaroximate boundaries 
 E. 	Indicate the data or maps computerized.

of the 	computer composite mapping activity 
 past or 	present)
of which you are aware. Please use one questionnaire per 
 C ) 	 Soils C ) Land Use 6()Social
 
study. 

Geology C) Transportation ( ) Economic
 
Vegetation ( ) Water OC) Other (Specify) Health 
F. 	Indicate now data or maps created or composited
 
Optimal Location 
 ( ) 	Economic Indicators 
Constraints to Development 
 C) Statistics(C) Social Indicators 
 ( ) 	 Other (Specify) 
a' G. 	Inwhat form were the data encoded? 
SC)Cell I Point ( I Polygon ) Tabular CI Other 
1 H. What map scale was used? 
1:500,000 ( 11.250,000 (o 1"I,000,000 C 11:24,000 
()Other (specify) 
I. What 	Is the minimum area of the polygon or cell encoded?
 
CI ( ) One acre ( ) 10 acres ( ) 40 acres C) 640 acres
 
rr;: 
 (X) 	 Other (specify) 4 sq. milecs 
Ill. Please provide the following Information for the study 
 J. 	Date woik was initiated: 1971
designated on the map. 
 Date work was completed. 1077
 
A. 	Name of the study area:Arizona K. 	 What computer software was used? CMS TB. 	 Name of organization doing computer work: Bur. Bus. Res. What computer hardware was used l(.e., BtL 3707) UNIVAC 1108 
Who owns the computer hardware? Orqanization) Univ. of UtahUniv. of Utah (LocaLon) Sa1t Lske C ty 
C. 	Teof orvanzatlon: C) Private Business ( ) Federal Agency 
 L. 	Other coiments (attach information as desired) 
 i
 
.	 eko 
 State Agency ( ) Municialty 
County ;r4ziJniversi ty

Other (Please specify) 
 IV. Please list 
or attach names and addresses of other individu 
 s you think
 
should receive this questionnaire.

Please return this questionnaire to: 
 Doug Mutter, Federation oF Rocky iountain Sbtates
 
24 West 26th Ave., Suite 300B, denver, CO 80211 
 ATTACHMENT
 
ARIZONA (Statewide)
 
Cell size: 4 sq. miles
 
Vintage- 1968-70
 
SINGLE TOPICS Percent of female population 15 to 44 years
 
Mean age of mother by CCD of residence
 
Percent of non-white mothers by CCD of residence
 
Births per bed by CCD of birth
 
Number of births per 1000 population by CCD of residence
 
Mean birth length (cm) by CCD of residence
 
Mean birth weight (grams) by CCD of residence
 
Population less than 18 years old
 
Percent of population over 44 years
 
Percent of population over 64 years
 
Cancer deaths per 1000 population by CCD of residence
 
Respiratory deaths per 1000 population by CCD of residence
 
Heart Deaths per 1000 population by CCD of residence
 
Stroke deaths per 1000 population by CCD of residence
 
Other disease deaths/population by CCD of death
 
Deaths/population by CCD of death
 
Accident deaths per bed
 
Deaths per bed by CCD of death
 
Mean age at death
 
Occupancy rate
 
Inpatient days per bed
 
Inpatient days per 100 population
 
Doctors per 1000 population by CCD of residence of population
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ARIZONA (State-wide) continued
 
SINGLE TOPICS continued
 
Physicians per bed
 
Registered nurses per bed
 
Nurses per 1000 population by residence of population
 
Number of hospitals by census county division
 
Highway accessibility
 
Public Airport accessibility
 
COMPOSITE MAPS OF LOCAL SEVERITY OF NEED FOR SPECIFIC HEALTH SERVICES
 
Acute short term hospitals (10 topic maps weighted)
 
Severity of local need for long term hospitals, nursing homes,
 
and extended care facilities (9 topic maps weighted)
 
Severity of local need for acute short term hospitals (10 topic
 
maps weighted)
 
Severity of local need for maternity services (6topic maps
 
weighted)
 
Severity of local need for pediatric services (8topic maps
 
weighted)
 
Severity of local need for pharmacy services (6topic maps
 
weighted)
 
CALI FORNIA
 
- 19 ­
UCtCinb~tt 19/6
-OL'I IUNNAII 
I t\CKGOUNO 	 0. Organization the work was done for: C ) U.S. Bureau of Land Managcint 
A. Your Name R. Walters 	 (Check One) C ) u.S. Forest Service ) U.S. Fish & wildlife Service 
i u z State Agency (Specify) ( U.S. 8ureau of 6clnmation 
8. Your Organization 0014ARC .s 	 ( )Other federal (Specify) 
C,
 
C. Address Agriculture B uildlng ( County (specify)
 
Ebarcadero at Mission'S
 
San Francisco, CA 94107 	 (K Junic~pallty (Specify) San Rafael 
( ) Other (Specify)
 
11. Please indicate on the map below 	the approxi,iate boundaries E. Indicate the data or maps computerized.
 
of the computer composite mapping activity kpast or present)
 
of which you arc aware. Please use one questionnaire per ( ) Soils (X) Land Use C Social
 
study 	 (K) eoiogy ( ) Transportation iX) Economic 
ix)vegetation (x) wlater 4fxkother (Specify) _____ 
Topography 
, 	 F. Indicate now data or maps created or compositcd. 
Optimal Location 	 C ) Economic Indicators 
(X) Constraints to Development Q() Statistics 
Social lndikators 	 C) Other (Specify) 
G. In what form were the data encoded?
 
( ) Cell ( ) Point kA Polygon ( ) Tabular C Other 
i What map scale was used? 
):500,OO0 ( ) l:250,000 ( ) 1:1,000,000 ( ) Ih24,OO 
Other (speci fy) 1 : 12,000 
I. What Is the minimum area of the polygon or cell encoded? 
0 One acre 10 acres ( ) 40 acres ( 640 acres 
C I Other (specify) ___________________________00 
td C III. Please provide the followin 9 informfation for the stud_ J Dote work was initiaed: 1975 
designated ON the map. Date work was completed 1975 
A. 	 enameof the study area: San Rafael K. What computer software was used? COMPIS 
What computer hardware was used 0'~e., (UK 7CI2) IVAC 10B. Name of organization doing computer work: COMARC 	 Who owns the computer hardware? (Orqanizationj i s _ 
L' 	 ~ tion) t l a~~(Loca .S 
C. ryeof orqaalzzclont [ Private BUSiheSS C) Federal Agecy t. 	Other comments (attach information as desired)(Chleck one) {) State Agency ( ) dunicmpaity __________________________________ 
1ounty ) University
Other (Please specify) IV.	Please list or atxich nnins and addresses or other Individuals you think 
should receive tihl qieStlOnniiliC. 
Please return this questionnaire to: 	 Doug IuLter, Foe tlon or Mountain StatesLocky 

24G West 26th Ave., Suite 3000, Ponvyr. CO DOOM?
 
eUocember IM96 
COMPUTER IAPPIOG 
I ACKLAOUND 	 0. Organization the work was done for: C U.S. Bureau of Land hanagement 
A. 	 Your Nome R. Walters (Check One) U.S. Forest Service 
_ _ _U.S.Fish & Wildlife Service 
State Agency (Specify) ( )U.S. Bureau of Rdclamntion 
13 Your Organization CCNARC 	 ( ) Other Federal (Specify) 
_C. 	 Address . AtricLuture Building ' 
Embarcadero at Mission- ) County (Specify) 
XC) unicipality (Specify) Town of MoragaSan 	 Francisco, CA 94107 
( ) Other (Specify)
 
II. Please indicate on the map below 	the a roxiolte boundaries E. Indicate the data or maps computerized: 
t . of the computer composite mapping act 	 t)
 
cifwhich you are aware. Please use one questionnaire per (K) Soils (X) Land Use VC) Social
 
%s§~d. ) Cology ( ) Transportation (pc)
Economic
 
'x) vegetation (X)water ( ) Other (Specify) Parcels, 
Topography, Flo6d Hazards 
F. 	Indicate new data or maps created or composltedt
 
(X)Optimal Location ()Economic Indicators 
Constraints to Development t)Satistics(X) 	Social Indicators Other (Specify) 
G. 	In what form were the data encodod?
 
( ) Cell ( ) Point kAj Polygon ) Tabular ( ) Other 
H. 	What map scale was used?
 
115,,0,000 ) kzh,ooot;500,000 ( ) 	 o 
Other 	(specify) :7, 200 
I. What is the minimum area of the polygon or call encoded?
 
( 	One acre ( ) 10 acres C) tO acres ( ) 60 acres 
Other 	(specify)___________________ 
____ 
Ill. 	 Please provide the following information for the study J. Date work was Iitiated: 1975
 
designated on the map. Date work was completed; pn1O0flg
 
coMPIs 
A. 	 Name of the study area: Moraga K. What computer software was use,l? 
-
AWhat computer hardware was used 11 .. , IBM 12?n)D.G. C300 
6. 	Name of organization doing computer work. COMARC . Who owns the computer hardware? (OrqanizalionJ COMAR 
(Location) gin rancisco 
C. 	 Type of organization: XZ) Private Business I ) Federal Agency L. Otrer coments (attach information as desired)

luneck one) ( ) State Agency C) Municipality
 
4) 	 County ) University 
Other 	(Please specify) iV. Please list or attach names and addrosses of other Individuals you think
 
shou d recelvo this quest onnile. 
Please return this questionnaire to! 	 Doug Mutter, Federation of lockytountotn States
 
246o West 26t1 Ave., Suite 300B, de CO 80211
 
, 	 COMtPUT:ER ING
 
1.I*CKGOUND 

A. 	 PUID. Organization the work was done for:Your Name R. Walters 	 (Check One) U.S. Bureau of Land Management­(( )) U S. Forest Service 
U.S. Fish & Wildlife ServiceB. Your Organization 
 COMARC 	 State Agency (Specify) (Y )) U.S Bureau of ReclamationOther Federal 
(Specify)
 
o_j0 C. Address Agrincuture Building ' 
Embarcadero at Mission,,' ( ) County (Specify)
 
- San Francisco', CA 94107 ) unicipality (Specify) City of San Buena Ventura
 
( ) Other (Specify)
 
o II. Please indicate on the map below the approxmate boundaries E. Indicate the data or maps computerized:

of the computer composite mapping activity (past or present)
0F' L of sstudy.which.X) you are aware. Please use one questionnaire per 	 (x)W Soilss l) QC)Landn Use Social
Geology () Transportation C ) Economic 
Vegetation (X) Water (X) Other (Specify)Topography 
Basins, Hydrology
 
F. Indicate no. data or maps created 	or composited: 
iX) Optimal Location ( ) Economic Indicators(y X) StatisLics) Constraints to Development
M Social Indicators 	 C) Other (Specify) 
N) Visu1 Exposure 
G, In what form were the data encoded? 
Cell Point I 4 Polygon ( ) Tabular ( ) Other 
H. What map scale was used?
 
) :0,00050 ( ) 1:250,000 1:1,00,o ( ) 1:24,O00 
. ) Other (specify) 1:6,000 
PIC I. What is the minimum area of the polygon or cell encoded? 
( One acre ( ) IO acres ( ) 10 acres C) 64o acres 
- ) Other (specify)
 
Ill. Please provide the following information for the study 
 J. Date work was initiated: 1975designated on the map. 
 Date work was completed: 1976 
A. Name of the study area: Ventura 
O. What computer software was used? COMPIS 
t -) B. Name of organization doing computer work: COMARC Who owns the computer hardware? (0rqanization) D.OM C30
- (Location) San RXanCsco 
C. fype of organization: (A Private Business ( ) Federal Agencyteck ne 	 L. Other comments (attach information as desired)
State Agency ( Municipality 
County C ) UniversityOther (Please specify) 
 IV.Please list or attach names and addresses of other Individuals you think
 
should receive Lhis questionnaile.
Please return this questionnaire to: 	 Doug Mutter, Fedaintion of Itocky Mountaln States
 
2460 West 26th Ave., Suite 300, Oenver, CO 80211
 
_________________________________ 
ktk)" I I UNIJA I(L 	 Iieccmbei 1916 
COMPUTER MAPPING 
I. UACKGROUNU 
 D. Organization the work was done for: 
 ( ) U.S. Bureau of Land Management
 
A. Your Name R. Walters 	 (Check One) 
 ( ) U S. Foiest Service
 
U.S. 	Fish & Wildlife Service
B. Your Organization COMARC 
 State Agency (Specify) ( ) U.S. Bureau of Reclamation
 
-.
 (>) Other Federal (Specify)

C. Address Agriculture Building
 
Embarcadero at Mission , ) County (Specify)
 
Municipality (Specify)
San Francisco, CA 94107 
C Other (Specify) Fresno Council of Governments 
II. Please indicate on the map below the aproxumaLe boundaries 
 E. Indicate the data or maps computerized.
of the computer composite mapping activity jpast or present)

of which you are aware, Please use one questionnaire per 
 (c)Soils IX)Land Use 
 &) Social
study. 
 () Geology QC) Transportation QC) Economic
 
(X)Vegetation C~Water (X)Other (Specify) Topography 
Accessibility 
F. Indicate new data or maps created 	or composited:
 
(c) Optimal Location , ) Economic Indicators
Constraints to Development 
 (X)Statistics 
Social Indicators 
 ( ) Other (specify)
 
Transportation Studies
 
G. 	In what-'orm were the data encoded? 
) Cell ( ) Point ( ) Polygon () Tabular ( ) Other 
H. What map scale was usedl,
 
l:500,o00 () 1:250,000 ) 1:l,000,000 () 1:24,000
 
Other (specify) 1:200,000
 
I. What Is the minimum area of the polygon or cell encoded? 
One acre ( ) 10 acres (X)40 acres C) 640 acres 
Other (specify) 
111. 	 Please provide the following information for the study J. Date work was initiated: 1973
designated on the map. 
 Date work was completed: 1974 
A. Name of the study area: Fresno County 
 K. What computer software was used? COMPIS 
B. Name of organization doing computer work. COMARC 	 What computer hardware was used (i.e.. IBM 370?) IINVAC 1108Who owns the computer hardware? 	(Organization) I 11 
(Location) Santa Clara 
C. yecofoorganization: (X) Private Business (() Federal Agency L. 
Other 	comments (attach information as desired)
ueck 	 oe State Agency Municipality 

() County ( ) University

Other 	(Please specify) IV.Please list or attach names and addresses of other individuals you think
 
should receive this questionnaile.
Please return this questionnaire to: 	 Doug Mutter, Pedeiation of Iotky Mountain States 
211bO West 26th Ave., Suite 300B, demj, CO 80211 
01L I U1iJIItiL Uccembe 19/6 
COMPUTER I li, 
I BACKGROUND 	 B. Organization the work was done for: ( ) U S. Bureau of Land Management 
A. Your Name R. Walters 	 (Check One) ) UL 5. Forest Service 
A. R.YourWalters)Name 	 U.S. Fish & Wildlife Service 
State Agency (Specify) ( ) U S Bureau of Acclamation 
B. Your Organization COMARC s 	 ( ) Other Federal (Speci fy) 
" C. Address Agriculture BuildingEmbarcadero at Mission ,,' 	 ( ) County (Specify)MyisssionPTAUM
 
PETALUMA
 
Efbacaer
at~~pl 
XOC±Municipality (Specify)San Francisco, CA 94107 
( ) Other (Specify)
 
II. Please indicate on the map below the approximate boundaries E. Indicate the data or maps computerized:
 
of the computer comiosite mapping activity past or present)
 
of which you are aware Please use one quesLionnaire per ,) Soils (X) Land Use (X)Social
 
study. Geology () Transportation (X) Economic
 
4)Vegetation (X)Water (X)Other (Specify) Topography,, 
Parcels, Census, Etc.
 
F. Indicate Flew data or maps creatod 	or composited: 
6c) Optimal Location 	 NC) Economic Indicators 
(X) Constraints to Development (C)Statistics
 
Social Indicators 	 () Other (Specify)
 
SEISMIC Study
 
G' In what form were the data encoded?B. 

Cell ( ) Point ( Polygon C ) Tabular C) Other 
> 	 H. What map scale was used? 
1:500,OOO ( ) 1250,000 ( ) 1:1,000,000 ( ) 124,000
 
Other (specify) 1:12,000 
I. hhat is the minimum area of the polygon 	or cell encoded? 
x) One acre ( ) 10 acres ( ) 40 acres ( ) 640 acres
 
_ ) Other (specify)
 
III. Please provide the following information for the study 	 J. Date work was rnitiated- 1973 
designated on the map. 	 Date work was completed: uOoin 
A. Name of the study area: PETALUMA 	 K. What computer software was usel? COMPIS 
B. Name of organization doing computer work: COMARC 	 What computer hardware was used ia.., IBM 37n?) D. . 300 
Who owns the computer hardware? (Orq~hzation) MAR 
(Location) -ban 1rancisco 
C. 	 QC) Private Business Federal Agency L. other comments (attach Information as desired) 
e k State Agency ( ) Municipality
 
County ( ) University
 
Ouer (Please specify) IV. 	 Please liqt or attach names and addresses of other Individuals you think 
should receive this questionnalle. 
Please return this questionnaire to. 	 Doug Mutter, Fvedetation of lRocky i outain ScaLOS
 
24Wb West 26th Ave., Suite 3002, denver, CO 80zI
 
I UACKGROUND 

qULJ I I UiiIf IUL 
December 19/6 
COMPUTER MAPPING
 
D. Oiganization the work was done for: 
 ( ) U.S. 	Bureau of Land Management 
A. 	 Your Name R. Walters (Check One) ( ) U.S. Forest Service 
Your Organization COMARC S.tate Agency (Specify) C) U.S. Bureau of Rdclamtlon
Youra Oraizto CCMARCtio
 U.S 

C. Address Agriculture Building . Other Federal (Speci fy) 
Embarcadero at Mission,,' ( ) County (Specify)
 
San Francisco, CA 94107 
 xtckMunicipality (Specify) 
 Santa 	Rosa
 
( ) Other (Specify)
II. 	Please indicate on the map below the approximate boundaries
of the computer composite mapping activity (past or present) 
E. Indicate the data or maps computerized:
 
of which you are aware.
study. 	 Please use one questionnaire per 
 (X)Soils
x ~ LandodUe(X)Use socia.l
 
(X)Geology Transportation (X)Economuic
(x)Vegetation (X)Water 
 (x) Other (Specify) Parcels, 
Topography, etc. (Approx.40 Maps) 
F. 	Indicate new data or maps created or composited
 
(X)Optimal Location 
 (X Economic Indicators
(x)Constraints to Development
Social 	Indicators (X)Statistics
(X)Other (Specify)
 
E. I. 	 R.. Pren.. G.P. Etc. 
G. 	Inwhat form were the data encoded?
 
Cell ( )Point Q() Polygon ( ) Tabular ( ) Other
 
H. What 	map scale was used?
 
1.500,000 
 ( ) 1:250,000 ( ) 1:1,000,000 1C4
:2',OOO
 
Other (specify),
 
I. What 	isthe minimum area of the polygon or cell encoded?
 
J{ One acre ( ) 10 acres ) 40 acres 
 () 640 acres
 
( ) Other (specify)
ll. 	 Please provide the following information for the study J. Date 	work was initiated: 197Sdesignated on the map. 

Date work was completed: 1975
 
A. 	Name of the study area: Santa Rosa 
 K. What 	computer software was used?B. Name 	of organization doing computer work: COMPISCOMARC 
 What 	computer hardware was used (i.e..
Who 	owns IB 37?) DG.C300
the computer hardware? (Orqanization)
(Location) COMARCSanFT-ancisco 
C. rpe 	 of organization: X$) Private 	Business ) ederal Agency L. Other comments (attach information as desired),Seck 	one) C) State Agency ) Municipality 
County ( ) UniversityOther (Please specify) 
 IV.Please list or attach names 
and addresses of other Individuals you think
 
sInuld receive this qIiestl ninIie.
Please return this questlonnaire 
to: 	 Doug flutter, Fedeiatlon of Rocky lounltaln Stales
 
2460 West 26th Ave., Suite 3000, denveliCo 80211
 
V IL,[UNInk I Ir 
I UACiKbROUl)N 0. 	 Organization the work was done for: I ) U.S. Rurenu of Land ianaagoeen&-
A. 	 Your Name R. Walters (Check One) IU S. ForCt Service 
( oaU.S. Fish C wIdifie Service 
State Agency (specify) ( U S. Orueau of Reclamation 
R. Your Organization COMARC 	 I Other Federal (Specify) 
C. 	 Address AgTiculture Building
 
County (SpecIfy)
 
FtMh pd arpicopallry (Spacony)

San 1Francis co , C A 941 0 7 ) )4 cp l ty Sp c fy _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
(XOther (Specify) Pacific Gas 	 & Electric 
II. Please indicate on the map belot the approximato boundaries E, Indicate the data or maps computerized.
 
of the computer composite mopping activity (past or present)

of which you are aware. Please use one questionnaire per ( ) Soils ( ) Land Use ( ) Social 
study. C)ology ( ) 7ranasporratlori (,JEconomic 
XXX) 	 vegetatlon )%X)Water (P'Other (Specify) 
Too graphy
 
F, Indicate new data or maps created or composited.
 
()Optimol Locat ion ()Economic Indicators 
Constraints to Development ( IStatistics 
Social Indicators 	 (I Other (Specify)
Wildlife Habtants
 
G. in what formn were the data encoded? Visual Exposure 
Cell I Point tC@ Polygon Tabular ( I Other -
Mi. What map scale was usee? 
oc 	 () h50o.ooo ( ) l2so0noo I 1 Ioo,ooo ) 1:24,0001  

S( 	 )Other (specify) 1:12,000 
I. What is the minimum area of the polygon or cell encoded? 
r ~ 	 one acre l10 acres ()40 acres 64)0Aacres 
(I Other (specify)_________________________
 
III, 	 Please provide the followIng information for the study J. DaLe work was initiated: 1975
 
designated on the map. Oae work w05 completed: 1076
 
A. 	 home of the study area: The Geysers K. What computer software was usad? COMPIS 
What computer hardware was used I ,e., 111l) . . LS)UUB. 	 Name of organization doing computer work. COMARC WIo owns the computer hardware? (Orqantiation) CONIARC (Location) San Francisco 
C 
 "ecof o~ranizatton: X2CC4 	 Agency (attach information as
1	 Private Business ( I rraderal L. Other conments desired) 
tunicipality
Couty C I University
I other (Please specify) IV. Please lit or attach namne and addresses of other Individuals you think 
a QState Agency M 	
__________________________________ 
should receive this qucscionnalic. 
Please return this questconnairc to. 	 Ooug fuLter, Fecldertlon of liocky i1ountaln StOICS
 
24GO West 26th Ave., Suite 300B, oenver, CO 80211
 
CONiPUTER IlAPPINr 
I 	bAi',JtUUNU 
 D. 	Organization the work was done for: 
 ( 	U.S. Bureau of Land ianagenunt
A. 	Your Name Jack Dangermond 
 (Check One) 
 U.S. 	Forst Service
 
Environmental Systems 
 ( ) State Agency (Specify)

. Your Organization Research Institute 	 C) U.S. Bureau of Itclariietioc( Feera ol Spectr o,
( 	Other Federal (Specify) 
C. 	Address 
 380 New York Street
 
Redlands, California 
 (X)County (Specify) San Bernardino County Planning Dept.
92373 Municipality (Specify) 
(XWOther1 l 	 (Specify) Southern California EdisonII. 	 Pleaso indicate on the mnapbelow the approxinate boundaries (Urban/Regional Planning)E. 	Indicate the data 
or maps computerized.
of 	 the computer composite mapping activity past 	 or present)of which you are aware. Please use one questionnaire per
study. 	 C) Soils &;)Land Use ) Social( ) Geology Transportation ) Economic 
Vegetation C)Water ()Other (Specify)gpor te 
census tracts traffic 
F. 	Indicate new analysis zones§,--buEr ervicdata or maps created or composiLed' districts 
Optimal Location C) 	Economic IndicatorsConstraints to Development 
 (4 	 StatisticsSocial Indicators 
 C) Other (Spectry) 
00 G. 	Inwhat form were the data encoded? 
( ) cell ( ) Point 00 Polygon C ) Tabular ( ) 	Other 
H. What map scale was used?
 
C ) 1:500,000 ( ) 1:250,000 
 ( ) 1:1,000,000 ) 1'2h,000 
Other (specify)
 
I, 	 What is the minimum area of the polygon or cell encoded? 
( ) One acre ( ) 10 acres ( ) 4O acres () 640 ecies 
(X)Other (specify) 2.5 acres, with manyI1, Please provide the following Information for the study 	 smaller polygons to J. 	Date work was initiacd:Fru 1974designated on the fap. Date 	work was completed:December 
A. 	Name of the study area: San Bernardino County Land UseStudy K. What computer softwareWhat 	 was usei PEID.R.oe2compuLer hardware was used y Sysrem(i.e., lOllB. Name of organization doing computer woik: ESRI 	 1707) 360 NO)EL 50Who 	owns the computer Ia,,dware7 (in0'at e,UntviC?.3rC fl0orni.a(Locatlor) 
_ ! _!a_ Qraia 
The 'Study AreaC. Tae of orqanlzaLJon: X) Private Business federal Agency 	 iS--heeck 	one State Agency L. Other comments (atzach Information as desired)valley) MunicipalILy plusurbanizedmountan and desert portion of Countya r 	ra. e totalareaC County ) University of the Study isOther (Please specify) 	 i0-00 square miles.IV, 	Please list or attach names and ad resses of other individuols you think
 
should receive this quebtionnaire.
Please return this questionnaire to: Doug Mutter, Federation of Rocky louiraIn States
 
0 2460 West 26th Ave., Suite 3000, ded CO 80211
 
I, COMPUTER IIAPP IN1, 
\I 	ALKI,,
Oct1 	 D. Organization the work was done for: ()U.S. ureau # Lind Ikana'et,,nt 
i. Your Nae Jack Dlangermond 	 (Check One) () U.S. roiost Service 
n YU.S. Fish r Wildlife ServccEnvironmental Systems 
 ( ) 	 State Agency (Specify) ( ) U.S. Bureau of Rcclhimatior8. Your Organizatlon Research Tngtitite 	 Other Federal (Spectfy) 
C. 	Address 380 New York Street
 (x)County (Specify) San Bernardlno County Office of
Redlands, California 
 Community Development

Municipality (Spectfy
R 92373 	 (Sp 
b-( 
 ) Other (Specify).
 
8 it. Please indicate on the map below the aproximate boundaries E. 	Indicate the data or maps computerized.
 
of the computer composite mapping activity (past or present) 
C ,t of which you are aware. Please use one questionnaire per Soils 
 Land Use Social
S) 	 Geology r( )) Tansportation EconomicSVegetation 
 Water Other (SpecIfy)0jlak~ajp 
V t naParcels, Zoning, 
General Plan 
T, Indicate new data or maps created or coipoeited 
Optimal Location 	 ( ) Econo,,ic IndicatorsLonstrailnts to Development ( StaLIsLiCS 
Social Indicators 	 ( ) Other (Speci fy) 
O. were
G 	 Inwhat fogii the data encoded? 
Cell ( ) Point (X) Polygon ( ) Tabular ( ) Other 
H. 	What map scale was used?
 
( ) 1*500.000 ( ) 1:250,000 ) l:1,000,000 ( ) 124,000 
(X)Other (specify) 1:100, 1:200, 1:400 
I. What Is the minImum area 	of the polygon or cell encoded?
 
One 	acre ( ) 10 acres ( ) ho acres ( ) 640 acres 
(X) Other (specify) 400 square feet
 
ill. Please provide the following information for the study d. Dote woik was 
Initiated: June, 1976
designated on the map. 
 Date work was completed: Septewber. 1976 
A%. Name of the study area' 	 San Bernardino Test Pnreel K. What computer softuare was usel? PTOS 
Digitizing What computer hardwareU. 	 tlamiie of ozganlatlon doing computer w rk: ESRI was used, i.e., lo61370?) 360 MODEL 50Uho 	 owns the computer ha idware7? (011 nlla li oatn) ty .iforUnTVcr-s a-3-o-
(Local ion) Riverside. CYlIfornia 
C. 
 ype 	of organIzatL lonl:~ Private Business ( e&al Agency L. Other comments (attach Informatlon as desired)The Study Area wase( 	 ) State Agency ( ) unicipality 2 square miles near Highland, CalfT -fnia-ThU-PFY els
 
( ) 	County ( ) Univertiy were automaed. 
other (Please specify) IV.Please ist or attach names and addresses or other individuals you think
 
should receive thils questionnile
 
Please return this questionnaire to: Doug flutter, Federation of Rocky lountain States
 
2460 West 26th Ave., Suite 300D, denvel, CO 80211
 
COMPUTER IiAPPINBO'
 
1. JACK(,AOutIU 

D. Organization 	the work was done for
A. 	 ( U.S. Bureau of Land ManagementYour Name Jack 	Dangermond (Check One) 
 U.S. Forest Service ce
 
Environmental Systems
U. Your Organization rch IntiitutthrFederal 	 ( ) State Agency (Specify) (
___________(_Other 	 U.S. Bureau of ReclamatlonFederal (Specion
Specify)
 
C. 	Address 380 New York Street
 
Redlands, California (X)County (Specify) Riverside County Planning Dept.
 
92373 
 Municipality (Specify)
 
(X)Other (Specify) Southern California EdisonI. Please indicate on the map below the approximate boundaries 	 I e 
 da rloeU bn d:onaaof the coiputer composite mapping activ-Ety(past or present)
of which you are 	aware. Please use one questionnaire per
sLudy. Sois W Land Use Social
I Geology (X)Trnsportaton 
 Economic 
Vegetation ( ) Water X) Other (Specify)Census tract 
SCE service districts
 
F. Indic e new 	data or maps created or conpOSiLed.
 
Optimal Location 
 ( I Economic IndicatorsConstaints to Development X) Statistics 
Social Indicators 
 ( ) Other (Specify) 
G. In what form were the data encoded? 
( ) Cell ( ) Point (x0 Polygon ( ) Tabular ( Other 
H. What map scale was used?
 
( )so500.0001.250,000 )I1:1,0.ooo00 ) 1:24,000
 
IOther (specify) 
_________________________ 
1. What Is the minimum area of the polygon or cell encoded?
 
One acre ( ) 10 	acres ( ) iO 
aces ( ) 6/0 a1cles 
( Other (specify) 3 acres, with manyI1. 	 smaller polygons toPlease provide the following information for thestudy 	 1 ac designated on the map. J. 	DaLe woik was Initiated: February, 1975
 
Date work was completed:,. November 
 97 nt5 
It.Namve of the study area: Riverside County Land Use Study What computer software was 0.use,?PioSnOverlaoSystem

B. Nai, of oiganization doing computer work: 
 ESRI 	 What computer hardware was used (I.e.,Who 	 IBM 370?) 360 MODEL 50hardware? .ons the computer (Oifniliat. Ion)) . --s . ty__qt _C forni(Locaton) = 	 Canv o "
Rivers-Icf-, Caffi'niaC.PivaeTpo f oganiatin:Osines CI FderaC) AgncyThe Study Area is the 
CT kpeofooranization: OC) Private Business Federal Agency
a n ' 	 L. Other comments Cattach information
State Agency ) Municipality area plus urbanized as desired) Riverside Metroiy.olitanmountain and des-tCounty ( )University 	 areas. ifb--otalStudy Area is 800Other (Please specLfy) 	 square miles.
IV.Please list or attach names and addresses of other individuals you think 
should icceive this questionnaire.Please return this questionnaire to: Doug Mutter, Federation of Bocky how n States
 
S2'M0 
 West 26th Ave., Suite 3000, en CO 80211 
 0 
I COIIPUTCr ihAPP IIttI 
GROjrit) D. 	 Organization the work was done for.: ) U.S. Bureau of Lanagemen t 
(Check One) ( U .S. Forebi Service IA. 	 You, Moire Jack DanpermoncC ) U.S. Fish & Wi di Fe Service 
[. Your Organization Environmental Systems ( ) State Agency (Specify) ( ) U.S. Bureau of ReclawtlolRespar'h Institute Other Federal (Specify) 
C. 	 Address 380 New York Street
 
) County (Specify)
Redlands, California 
3unicipality (Specify)
92373 	 M 
(X) Other (Specify).Palfic Gas and Electric (Land Dept.) 
II. 	 Please indicate on the nap below the approximate boundaries E. Indicate the data or maps computerized:

of the computer composite mapping activity Ipast or present)

of which you are aware. Please use one questionnaire per ( 3 Soils (x) Land Use C 3 Social
study. 
 ( 3 Geology ( 3 Transportation C 3 Economic 
3Vegetation (3Water (K) Other (Spec: fy) Census trac 
telephone zones, flood­
r. 	 Indicate new data or maps created or compos red 
Optimal Location ) Economic Indicators 
3 Constraints to Development R) Statistics 
3 Social Indicators ( ) Other (Spec, fy) 
U)G. 
 In tlat form were the data encoded? 
( 3 	Cell ( 3 Point (X) Polygon C 3 Tabular C 3 Other 
H. 	 What map scale was used? 
3 1:500.000 C 3 1:250,000 C 3 l:i.000,O00 K) 1.24,000 
C 	 Other (specify) 
.
 
I. What is the minimum area of the polygon or cell encoded? 
( ) One acre ( ) 10 acres C ) 4o acres ( ) 640 acres 
(X) 	 Other (specify) 3 acres, with many smaller polygonsacres to 2 
II, Please provide the following information for the study 	 J. Date work was initiated. March 1976designated on the map. 
 Date 	work was Completed: nntnbe , 19ni 
A. 	 lame of the study area. Fresno Land Use Study K. Wyhat conuter softnare s u PTO Ov System 
8. 	 Name of organization doing computer work: ESRI What computer hardware was used- (i.e., lBM 37n?) 360 MODEL 50Who owns the computer hadware? (Organi,100ation) U_fVYiiT7_U1 ' az forn 
(Location) Riverside GC f_ onia 
C. 	 Typecoforanization. (X) Private business feeral Agency L, 0thor comments (attach information as desired) The 	 Study Area in­hk ne) ( nState ( cluded 	 300 square miles inAgency MUlunicipality the metropoi-i-"T-t 
-6-lfl'-6'. 
3county (3University3 Other (Please specify) 	 IV. Please list or attach names and addresses of other Individuals you think
 
should receive this qeuebtionnhl re. 
Please return this questionnaire to: 	 Doug Mutter, Federation of iRocky Mountain StaLeS
 
2430 West 26th Ave., Suite 3000, denver, CO 80211
 
COkIPUTCR tIAPPIllfi 
F AC {O Url L ) 
0. Organization 	the work was done for:A. Your Name 	 ( ) U.S. Bureau of Land ManagO'rLnJack Dangennond 	 t(Check One) C) U S. Fole t ServiceEnvironmental Systems State Agency (Specify)
8. Your organization ' Institute	 U.S. Fish Wildlife Service.U.S. Bureau of ReclReerhIstht 
___________________other Federal (Specify)
C. 	 Address 380 New York Street
 
Redlands, California 
 ) County (Specify) 
92373 
 ) unicipality (Specify)
 
It. Please indicate on X) Other (Specify) Southern California
the 'nap below the a proximate boundaries 	 Edisonh I egio Pedof the computer composite mapping activity 	 ra1 lanning)or present) Epastof which you are 	aware.
study. 	 Please use one 
questionnaire 
per	 ()soils ) Geology 01) Land Use( I Transportation ()socialCI Economic 
Vegetation C)Water MX Other (Specify) Census 
tracts, SCE 	service
 
F. Indicate new data or maps created or composited 
Optimal Location ( ) Economic Indicotors( ) Constraints to Development ) St,'t-SL.cSSocial Indicators 
 ( ) Other (Specify) 
G. In what form 	were the data encoded? 
( ) 
cell 
 ( ) Point k ) Polygon ( ) Tabular ( ) Other 
H. What map scale was used? 
- 1:500,000 C 	1:250,000 C i:l,ooo,ooo (0 1:24,000 
Other (specify)_....._ 

_
 
I. What is the minimum area of the polygon or cell encoded? 
One acre ( ) 10 acres ( ) 410 acres ( ) 640 acies 
Ill. Please provide the following Information for the study 	 k) Other (specify) 3 acres, with many smaller polygons todesignated on the map. J. 	 2 acresDate Walk was in It iaLed: l.-hb-r=y 
-197aDate work was conplted: T)PnpmIsI. 
SCE Northern n t e m p A. linaie of the 	study area: designa~~Le & Eastern DivisionsLand Use Study 	 K. What computer software on Inf or mationwas use,l?POS.OvnrTay SwsemB. Nlame of organization doing computer wotrk: 	 What computer hardware was usedESRI 	 (I .e., 1i 37n?) 360 MODELWho owns the computer hardware? (01 ian iatlon) UT3ivC 50 
.- f__j-C £lornH(Location) 
_Rv.rsde. California 
C. "ype of orvanization: ()0 Private Business CI Federal Agencyheck ofie 	 L. Othera ( ) State 	 comments (attach Informatlon asAgency ( Municipality 	 desired) the ur calzepQrtionsof Kern, ings, Inyo, Mono, TularemnLc--arLrCounty 	 .Uic----TorL( ) University of the San Gabriel Mountains). Total area wasOther (Please specify) 	 5-00WT- . milcIV. Please Ist or attach names and addresses of othe, ndirviduls you thinkshould receivePlease return 	 this questroillnrie.this questionnaire to: Uoug flutter, Federation of Rocky ou in States 
21 i0 West 26th Ave., Suite 300B d, CO 80211 
COMPUTER IAPPING
 
' 
ICK-iWOuND 	 0. Organization the work was done for: ()U.S. Bureau of LaPnd Management
(Check One) 	 V) U.S. Forest Service , 
A. 	 Your Name Jack. Dan~ermond ( ) U.S. Fish & Wildlife Service 
( ) State Agency (Specify) ( ) U.S. Bureau of ReclalalonEnvironmental Systems ( ) Other Federal (Specify)6. Your Organization Research Institute 
C. Adress 380 New York Street C) County (Specify) Riverside County Planning Dept. 
t CRedlands, California
 
) Municipality (Specify)
92373 

- ) Other (Specify) 
C ! It. Please indicate on the map below the approximate boundaries E. Indicate the data or maps computerized: 
0 of the computer composite mapping activity (past or present) 
of wnch you are aware. Please use one questionnaire per ) Soils ( ) Land Use ( ) Social 
study Geology ()Transportation ( Economic 
Vegetation ( ) Water 	 (N Other (Specify) Zoning 
r. Indicate new data or maps created 	or coinposited-
Optimal Location ( ) Economic Indicators 
Conlstraintsf to Development Cx) Statistics 
Social Indicators 	 ( ) Other (Specify) 
c. In what roli were the dato encoded? 
I 	 Cell ( ) Point (X)Polygon ( ) Tabular C) Other 
H. What map scale was used? 
1 500,000 ( ) 1:250,000 ( ) i:l,000,000 (X 1.24,000 
Other (specify)
 
I. What Is the minimum area of the polygon or cell encoded? 
) OXone 	acre ( ) 10 acres ( ) 4O acres ( ) 61iOacres 
( ) Other (specify)
 
Ill. 	 Please provide the following Information for the study J. Date woik was initiaLed: January, 1977
 
designated on the mlap. Date work was completed: In Process
 
A. Name of the study area: Woodcrest/Mead Valley 	 K. What computer software was use,17 PIOS 
What computer hardware was used (I.e., IBM 3711?) 3606MODEL 50 
B. mianie organization doing computer work: ESRI 	 Who owns the computer hardware? (Orqan=atonflfversit¥fv hoCaliforniof (Location) rlV e-, =-f F6n i a 
C. TYPo of organization: X)Private Rusiness ( ) Federal Agency L. Other comments (at ach Information as desired)The Study Area is 
theckOi~ej ( ) State Agency ( ) Ilunicipal Ly 100 square miles in Riverside Counai-ta-lr-ff 
County ( ) Univerilty 
OLher 	 (Please specify) IV,Please list or attach names and addresse$ of other Indivduals you thiM. 
hould 	receive this quest1fl 11 iie. 
Please return this questionnaire to: 	 Doug lutter, Federation of Rocky liountILn State, 
2iU West 26th Ave,, Suite 300D, Oenver, CO 80211 
I COMPUTERIMAPPIING 
UALKGNOUNuD 
 0. Organization the work was done for: C ) U.S. Bureau of Land Managenunt 
ud(Check One) C') U.S ro," t ServiceA Your Nme Jack Dangermond 	 ()( ) U.S. ish .Wildlife Service 
Environmental Systems ( ) 	 State Agency (Specify) ( ) U.S. Bureau or ReVla 1I1ion 
B. 	 Your Organization Research Institute ( ) Other Federal (Specify) 
C. 	 Address 380 New York Street 
OK) County (Specify) San Diego County Comprtehensive PlanningRedlands, California 
 Organization 
Municipality (Specify)92373 
Other (Specify)
 
II. Please indicate on 
the map below the approximate boundaries E. Indicate the data or maps computerized:

of the computer composite mapping activity (past or present)

of which you are aware. Please use one questionnaire per Go Soils 
 C) Land Use () Social 
std.Geology C)Transportation C)Economic
Vegetation ( ) Water 	 )" Other (Specify) Traffic 
Analysis Zones
 
F. 	 Indicate new data or maps created or composited. 
Optimal Location 	 ( ) Economic IndicatorsConstraints to Development CM Statistics 
Social Indicators 	 ( ) Other (Speciry) 
G. In what foini were the 	d'1ta encoded? 
Cell C Point (yj Polygon ( ) Tabular C ) Other 
H. 	What map scale was used?
 
1:500,000 ( ) 1:250,000 ) 	 l:l,000,O00 K) 1-24,000 
C)Other (specify)
 
I. 	 What Is the minimum area of the polygon or cell encoded? 
(x) 	One acre ( ) I0 acres ( ) 40 acres ) 61i0acres 
( ) Other (specify), 
Ill. Please provide the following Information for the study J. Date woik was initiated: 
desiynated on the map. Date work was completed: September, ilJll 
A. 	 Ilame of the 	 study aica: San Diego Soils K. What computer software was use,?. PIeS 
What computer hardware was used-i.e., I i 3?) 360 MODEL 500. 	Name or organization doing computer work: ESRI Who owns the computer hardware? 	 (Orqan eat on) UniversIL_ofC-aZforn (Location) UEMlHT~err-niacir 
C. Type of oranization: () Private business C) Federal Agency L. Other comments (attach Information as desired) The Stud Area is (leck one) ( ) State Agency ) Hunicipality the entire San Diego County of 4,255 square mi es. 
C) 	 County ( ) University
 
Other (Please specify) 
 IV.Please list or attach names and addresses of other Individuals you think 
should receive this questionnaire. 
Piease return this questionnaire to: Doug Mutter, Federation or Rocky Mtountain States 
24'O West 26th Ave., Suite 300D, jiater, CO 802i 
COMPUTER IAPPItIG 
i 
 KUAIUD D. Organization the work was done for: C) U.S. Bureau of Land lanagement 
(Check One) C) U.S. Forest Service 1-A. 	 Your Name Jack Dangermond ( ) US. Fish & Wildlife Service 
Environmental Systems ( State Agency (Specify) ( ) U.S. Bureau of eclamation 
B. Your Orgailzationx?enrrh Trt t-l-P 	 ( ) Other Federal (Specify) 
C. Address 380 New York Street ( County (Specify) ________________________ 
Redlands, California
 ( I funicipality (Specify) ______________________ 
92373 l)7Other (Specify) te fornia Edisn(Research and 
-Development uept. and tnvlr-o TeiTrarrrtl-­
iI. Please indicate on the map below the approximate boundaries E. indicate the data or maps computerized, 
of the computer composite mapping activity (past or present)
of which you are aware. Please use one questionnaire per Soils (X)Land Use C I Social 
study.(5) Geology [X) Transportation ( ) Economic 
(0Vegetation ( ) Water ~ () Other (Specify) Otmership, 
Lithology, Hydrology, Archaeological Sensitivity,

Esthetic Areas, Construction Su-i-ftb*-.--ty 
F. Indicate new data or maps created or composited. 
00 ' (X)Optimal Location ) Economic Indicators 
Constraints to Development ()Stntktic( ) Social Indicators ) Other (Specify) 
Ln 	 G. In what form were the data encoded? Converted 
( Cell ( )Point 	 (O Polygon ( Tabular (Y) Other 23 acres 
L 	 H. What map scale was used? GRID 
C)1.500,000 ( 1:250,000 CI1:1,000,000 1I124,000
 
( Other (specify) 1:62,500; 1:125,000 
I. What Is the minimum 	 area of the polygon or cell encoded? 
One acre (X 10 acres 140 acres C I 640 acres 
- Other (specify)
 
Ill. 	 Please provide the following Information for the study J. Date work was initiated: December 1976 
designated on the map. Date work was completed: In Process Gridded Information 
• ~~~--	 .from Polygons 
A. 	 Name of the study area: Palo Verde/Devers Natural K. What computer software was useoPPTlSyGRIPS/nGRIDs 
Resources Inventory WhatB. Name of organization doing computer work. 	 computer hardware was used ti.e. , Dii 37i(?) 360 MODEL 50ESR S 	 Who owns the computer hardware? (Crqani atio)UL~nt~e ' i =Iiorno i 
(Locat ion) Riverside. California 
C. Jypeofcorganlztlon: () Private Business C I Federal Agency L. Other comments (attach information as desired)The Study Area includes
tneckone C) State Agency ( Municipality 2700 square miles of desert area 'In astern Y71-v-gfl-e 
County C) University Cu 
Other (Please specify) IV, Please ttr attach names and addresses of other individu ls you think 
should receive this questionnahiie.
 
Please return this questionnaire to: Doug lutter, Federation of kocky lountain SLates
 
2460 West 26th Ave., Suite 300D, denver, CO 80211
 
I 
COMPUTER MAPPINIG ' 
'JACKUROuND D. Organization the work was done for: ( ) U.S. Bureau of Land ianagenent
i. Your Name Jack Dangermond (Check One) C) Forest Service( ) U.S.U.S. Fish 6 Wildlife ServiceEnvironmental Systems ( ) State Agency (Specify) ( ) U.S. Bureau of fecl.i.atloB. Your Organization Research Institute Other Federal (specify) 
C. Address 380 New York Street 
Redlands, California (X) County (Specify) Los Angeles County Planning Dept. 
92373 Municipality (Specify) 
Other (Specify).
 
II. Please indicate on the map below the approximate boundaries E. indicate the data or maps computerized:
of the computer composite mapping activity ipast or present)
of which you are aware. Please use one questionnaire per I Soils x)Land Use ( ) social 
std.() 
 Geology ( ) Transportation ( Economic
(Y)Vegetation (K) Water Courses 0) Other (Specify) OWnership, 
Significant Ecological Areas, Slope, Flood, Fault, Seismi 
Subsidence Fire, Lithology, Mines- n--N-ien s --and Foi 
r. , or composited. 
Optimal Location ) Econoisic Indicators(X) Constraints to Development C Sttic, 
social Indicators Other (Specify) 
ON G. in what form were the data encodedoCnere 
Cell ( ) Point ()0 Polygon ( Tabular (K) Other 10 acre 
H. What map scale was used? GRID 
( ) 1:250,0001 o500.000 ) l:1,000,000 ) 1:24,000 
Other (specify)
 
I. What is the minimum area of the polygon or cell encoded?
 
( ) One acre (X)I0acres ( 2 hO acres ( ) 61O acres 
Other (specify)
 
Ill. Please provide the following Information for the study 
 J. Date work was Initiated: March, 1976
 
designated on the map. 
 Date work was completed: ,Tnnjry, 1977A. flame of tle study area: Los Angeles County Natural K. What computer software was use,1? PIS/GRIPS/GRID
Resources Inventory WhaL computer hardware was used (I.e., IBM 371?) 360 MODEL 50 
Who owns the computer haidware? (Orqaniztion) UnCalfforni (Location) 
-- ersi- e. Ca'fif nia 
C. Inpeoforanlzation: KC)Private Business ( ) Federal Agency L. Other comments (attach Information as desired) The Study Area includedeck ne State Agency ( ) Municipality 1500 qqunr ml o t S 1 n rI MountainsCounty ( ) University ]12-mles south of t () Other (Please specify) IV.Please list or attach names and addresses of other individuals you think 
should receive this questionnaire. 
Peasjk4turn this questionnaire to: Doug Mutter, Federation of Rtocky M-aIn States 
2hiO0 West 26th Ave., Suite 300a, de r, CO 802i1 
-- 
CorU'iucR mAP' Iri 
.... D 	 Ciganization the work was done for: ()U.S. Bureau of Landl Managerirunt
(Ceck ne)) U.S. Forht Srvice SvA. 	 Your Name Jack Dangermond ()U.S. Fish 	6 Wildlife Service
 
Environmental Systems ( 	 State Agency (Specify) ( ) U.S. Bureau of Reclamatlon 
B. Your Organization Research Institute 	 X) Other Federal (Spec riy) 
12 C. Address 380 New York Street
 
i Redlands, California ( County (Specify)
 
)unicipality
M (Specify)

d ~92373 
(KX)Other (Specify) Pacific Gas and Electric (Land Dept.) 
II. Please 	indicate on the uap below the a proximate boundaries E. Indicate the data or maps computerized:

Cof 	 the computer composite mapping activity kpast or present)
 
of which you are aware. Please use one questionnaire per (X)Soils 0) Land Use 
 ( ) 	SocialStudy. 
 (X)Geology (K)Transportation C ) Economic 
County Boundaries Ownership Fault Lines, Rare & Endan­gered Plants and Animals HyArolny Tnithnlng. Snpe,
Historic 	Sites, Natural Areas
 
r. 	 indicate new data or maps created or composlted 
(X) 	 Optimal Location ( ) Economic Indic tors 
Constraints to Development ( 4 Statistics 
Social Indicators ( ) Other (Specify) 
G In what 	 form were the data encoded? 
Conversior 
- Cell ( ) Point (x) Polygon ( ) Tabular ( ) Other to 10 acrc 
H. What map 	 scale was used? GRID 
1'500.000 	 X) 1:250,000 I:i,000,o000: ) 1:24,o0
 
(K)Other (specify) 1:62,500 
I. 	What Is the minimum area of the polygon or cell encoded?
 
One 	acre 0() 10 acres ( bo ( ) 640 aciesh acres 

Other (specify)
 
iiI. Please 	 provide the following information For the study J. Date work was initiated' November, 1976 
designated on the map. 
 DaLe work was completed. in Process
 
iA. flame of the study area, Sacramento Valley Natural 
 K. What computer softiare was useI? PIOS/GRIPS/GRID 
Resources Inventory What 	 computer hardware was used (i.e.,B. Name or 	 IBM 370?) 360 MODEL 50oiganization doing computer work: ESIZIcomputer lidware? 	 (Orqani ation)J ,pnorjLy_0-n1,jfor(Location) R iv qs ,--CJijfornia 
C. 	 Typecof organIzatIon: Private Business Federal Agency L, )OLher comments (attach Information as desired)The Studv Area includesn( k 	 State Agency ( ) Municipality 1 30O square miles in the Sacrament Va e­(,) 	 County ( ) Univesity
 
Other (Please specify) 
 IV. 	Please list or attach names and addresses of other Individuals you thint. 
hould receive this quettoni0oli re. 
Please return this questionnaire to: 	 Doug Mutter, Federation of Rocky tiountain States
 
24bO West 26th Ave., Suite 300B, denver, CO 80211
 
COHPUTE'R IIAPP I NGl 
._ AC KU,tOU 0. 	 Organization the work was done for: C ) U.S. Bureau of Land Maioiiunt
 
(Check One) U) U.S. ro:,et Service I
 
A. Your Name Jack Dangermond ( ) U.S. fish G Wildli'fe Service 
Environmental Systems ) State Agency (Specify) ( ) U.S. Bureau of Rvclamallon 
8. Your Organization Research Institute 	 ( ) Other rederal (Specify) 
C. Address 380 New York Street 
County (Specify)
 
Redlan ds _. c rn ri....) unicipality (Specify)
 
92373
 (N Other (Specify) Private Utility Company 
II. Please indicate on the map below the aproximate boundaries E. Indicate the data or maps computerized: 
of the computer composite mapping activity past or present) 
of which you are aware. Please use one questionnaire per (X)'Sols (X)Land Use QK)Social 
Vegetation MX) Water ( ) Other (Specify)
 
52 basic data maps
 
F. Indicate new data or maps created 	or coliposlied 
(X) Optmal Location ( ) 	 Economic Indicitors (X) Lonstlalits to Development ( ) Stall.tIcs 
Social IndicOors () Othr (Spcify 
38 model maps
 
o. In what form were the data encoded? 
C) Ceil ( ) Point ( ) Polygon ( ) Tabular ( ) other W 
II. What map scale was used?
 
r 500,000 C 3 1:250,000 ( ) 1:1,000,000 ) I:24,000 
SX) Other (specify) many presentation scales 
I. What is the minimum area of the polygon or cell encoded? 
One acre 1 0 acres acres ( ) 640 acresI ( )40 
t) Other (specify) 200 square feet: 
Ill. 	 Please provide the following information for the study J. Date woik was Initiated: approx. June, 1970 
designated on the map. Date work was completed: approx. October, 1970 
A. 	 lame of the study area: Davenport K. What computer software was usel7 GRID
 
What computer hardware was used (i.e., 101 17A0) 360 MODEL 50
i. Name or organization doing computer work: ESRI Who owns the computer hardware? (OrqniLat on) UnvWerS3 ry___ ualirorn 
(LoCaL o) keF6Riaj._(5a i nia 
C. Iypeofoorganization: (X) Private Business ( 3 Federal Agency L. Other comments (attach Information as desired)The Study Area wasiCieckonel 	 ( ) State Agency ( ) MunicipalIty comprised of 6,000 acres in Santa ruz Gounty ,j i-orni 
() UniversityCounty 

Other (Please specify) IV.Please list or attach names and addresses of other inhividuols you think
 
should receive this questionnaire. 
Please return this questionnaire to: 	 Doug Mutter, Federation of Rocky Mountn States 
21Mt0West 26th Ave., Suite 300,@ver CO 80211 
COIPUTC6 1B 	
____ 
IACKGAiOUNU 0. 	 Organization the work was done for: ( ) U.S. Bureau of Land ionagemurit 
(Check One) ( U.S. Forest ServiceA. 	 Your Name Jack Dangermond )U.S. Fish Wildlife Service 
Environmental Systems ( State Agency (Specify) ( ) U.S. Bureau of Reclamation 
U. Your Organization 	 Research Institute ( ) Other Federal (Specify) 
C. Address 380 New 	York Street 
California_________________ Conte(peif)nds, 
dlands, California(Specify)
 
92373 
(y)Other (Specify) Pacific Gas and Electric (Land Dept.) 
11. Please indicate on the map below the approximate boundaries E. Indicate the data or maps computerized:

of the computer composite mappig activ'ity tpast or present)

of which you are aware. Please use one questionnaire per (y)Soils (X)Land Use ( ) Social
 
study.(X) Geology (X)Transportation ( ) Economic 
(DMVegetation () Water Courses (K)Other (Spec fy)Rines, 
Hydrology, Lithology, Slope, Fault Lines, Rare and Endan­
gered Plants and Animals, Histori Sites. Natural Areas
 
F. Indicate now data 	or maps created or composited 
(2)Optimal Location 	 ( Econo",ic Indicators 
Constraints to Development ( ) StnitLs5LcsSocial Indicators 	 I Other (Specify) 
G. In what form were the data encoded? Converted 
( ) Cell Point (A Polygon ( ) Tabular (X)Other 10 acres 
H. ,jt Mrro scale was 	 used! GRID 
1:50o,0000 (A ;:25q,000 1:,000,000 i:24,000 
(30 Other (specify) 1:62,500 
I. What Is the minimum 	area of the polygon or cell encoded? 
( ) One acre (0 10 acres i 0 acres C I 640 acies 
Other (specify)
 
Ill. 	 Please provide the following inrormatlon for the study J. Data woik was Initiated: October, 1975 
desisnated on the map. Date work was completed: 
_t, 9V 
A. 	 nlaie of the study area: Stanislaus Natural Resources K. What computer' software was useIi?3T0 /GRTPS/GR TD
 
Inventory w'Thac computer hardware was used t .e., 1DM370?) 36_O i0
-5DF
"nit,, nization doi_ computer wk. ESR1 
 owns hjrdw.ore? (Location) verside, CalifSrnia 
of o Wh0%,11 	 the computer (01,ijoilnition) UnivQrsity ofCaTfornI 
C. 	 yJeor orqanization: () Private Business CI Federal Agency L. Other comments (attach Information as desired) The Study Area included
neck one) CI 	 State Agency ( Municipality 7400 square miles of San Joaquin Vd-.e... 
County C) UiversLty 
Other (Please specify) IV. Please list or attach names and addresses of other Indhviduals you think 
qhould receive this questioilnnilie. 
Please return this questionnaire to; 	 Doug Mutter, Federation or Rocky liountain States 
21,GO West 26th Ave,, Sulte 3001, denver, CO 80211 
CO$PUTrFl HAPPING 
uACK(,OuaD D. Oiganlzatlon the work was done for: ) U.S. Bureau of Land Managenent\. Your Name Jack Dangermond (Check One) () U S. oredL Service 
A.US, Fish & Wildlife Service 
Environmental Systems ) State Agency (Specify) ( ) U.S. Bureau of Reclanmation 
B. Your Organization..Resarc istitute 	 ( ) Other Federal (Specify) 
C. 	 Address 380 New York Strept
 
County (Specify)
Redlands, California 
Municipality (Specify)

92373 (X)Other (Specify) Private Land Developer 
II. Please indicate on the map 	below the approximate boundaries E. Indicate the data or maps computerized:

of the computer composite mapping activity (past or present)

of which you are aware, Please use one questionnaire per (X)Soils ( ) Land Use C Social

study. 
 (X)Geology ( I Transportation ( Economic 
(X) Vegetation MC Water OC)' Other (Specify) 
_____ 
Topography
 
r. Indicate new data or maps created or composiLed. 
(X) Optimal Location 	 C) Economic IndicolorsM Constraints to Development C)StaListics 
( Social Indicators ( ) Olhei (Specify) 
4:-
G0. In what form were the data encoded? 
MC) Cell C ) Point C) Polygon ( ) Tabular ) Other 
fH. What map scale was used? 
1 .500,000 ( ) 1:250,000 ( ) 1:1,000,000 ( 1:24,000 
Ohert) (specify) 1:4,800 
I. What is the minimum area of 	the polygon or cell encoded? 
( ) one acre ( ) 10 acres ( ) 40 acres ( ) 640 acies 
C) Other (specify) 1/4 acre
 
Ill. Please provide the following information for the study J. Date work was Initiated' April, 1972
 
designated on the map. 
 Date work was completed: August, 1972 
A. llama of the study area: Poppet Flats 	 K. What computer software was usedi? GRID 
U. Name of organiation doing computer work. ESRI 	 What computer hardware was used (i.e., 1131370) 360 MODEL 50Who owns the computer hatdwarc? 	 (Oiqaiii ?ationti)Un v-rsy-e- --- alforni 
(Location1) Rierid-Q m~na 
C. apeof oreanizatlon; OC)Private Business ( ) Federal Agency L. Other comments (attach Information 	 as desired)The Study Area isV.PC ck one) C ) State Agency ( ) huncipal ty 125 acres near Idyllwild, California. 
) County ( ) UniversityOther (Please specify) IV.Please list or attach names 	and addresses of other Individuals you think 
should receive this questionnaie.
 
Plea turn this questionnaire to: Doug Mutter, Federation of Rocky I aln States
 
W 2460 West 26th Ave,, Suite 300B, 	Jc,,ver, CO 80211
 
I 
I 
--w -- -- I,, CO0P lAPPIIfl­l 
UACKi(OuwD 
 D. Organization the work was done for! 
 ( ) U.S. Bureau of Land tlanagenent 
(Check One) 00 U S. Eoret ServiceA. Your Name Jack Dangermond 
 U.S. Fish & Wildlife Service 
Environmental Systems 
 ( State Agency (Specify) iU.S ureau or RclaatioeSrv 
B. Your Organization Research Institute C) Other Federal (Specify) 
. C. Address 380 New York Street 
S Redlands, California County (Specify) 
92373 C Municipality (Specify) 
il( Other (Specify)
ii Please indicate on the map below the approximate boundaries 
 E. Indicate the data or maps computerized.

of inicapter elowp~n t ourest
bo oi athe roxiat 

of the computer composite mapping actinvitypast or present)

of which you are aware. Please use one questionnaire per (X)Soils 
 CILand Use CISocial
study. 
 ( ) Geology O) Transportation CI Economic
 
(K)Vegetation (IWater K)Other (Specify) Elevation 
Ownership. Hydrology
 
r. Indicato new data or maps created or composIted: 
(K)OiLi mal Location ( ) Economic Indicators 
X) Constraints to Development ( I Stat sLics ),.'Social Indicators C Other (Speciry) 
G. Inwhat form were 
the data encoded?
 
(E Cell ( ) Point C ) Polygon ( I Tabular ( ) Other 
H. What map scale was used?
 
1:500,000 ( ) 1:250,000 1, 0,0o ) 1:24.000 
(X)Other (specify) I :15,840 
I. What Is the minimum area of the polygon or cell encoded?
 
( ) One acre ( ) 10 acres ( ) 4o acres ( ) 660 acres 
(x)Otle, (specify) 2.5 acres
 
Ill. Pluase provide the following information for the study J. Date woik was Initiated: November, 1971designated on the map. 
 Daetwork was completed: January, I A972 
A, iurme of the study area: Grouse Lakes K, What computer software was use,? GRID 
D. Name of organization doing computer work: ESRI What computer hardware was used (I.e., IDli370)360 MODEL 50 
Who owns the computer hardware? (0rqan ?at on) UnvrsitY 01 uyallorr
(LocaL1ot) s2Eri C-aff5onia 
c. Lrecooranizat ion: (QQ Private Business Federal Agency L. Other conmlients (atrach information as desired) The Study Area wase State Agency ) unicIpolity 33 square miles in the Tahoe National-V s­
( County ( ) University 
() Other (Please specify) IV.Please list or attach names and addresses of other individuals you thin. 
should receive this (lu.stionnaire. 
Please return this questionnaire to: Doug Mutter, Federation of Rocky iountain StaLes 
246i0 West 26th Ave., Suite 3000, Oenver, CO 80211
 
I COIPUTER IAPPINGI 
I. ISACKUROuNU D, Organization the work was done for: ( ) 	U.S. Bureau or Land Ilanageii'unt 
A. Your Name .Jack Dangermond (Check One) 	 A )) Forest Service ,.U.S. Fish C Wildlife Service
Environmental Systems ( ) State Agency (Specify)
. Your Organization Research Institute 	 C ) U.S. Bureau or Reclanmato,,Other Federal (Specify) 
C. 	 Address 380 New York Street 
Redlands, California CK)County (Specify) Santa Barbara County Planning Dept. 
92373 ( ) iunlcipality (Specify) 
Other (Specify)
 
II. 
Please indicate 	on the map below the approximate boundaries E. 
Indicate the data or maps computerized:
of the computer 	composite mapping activity past or present)

of which you 
are aware. Please use one questionnaire per 
 QK)Soils C) Land Use 
 ( ) Socialstudy,. 
 Geology 	 C)Transportation ()Economic

Vegetation ) Water.Distri- K) Other (Specify) 11 items 
bution coded for county,--I5--item
 
coded for urban areas
 
F. Indicate now, data or maps created or composIted 
Q() Optimal Location ( ) Economic IndicatorsC)constraints to Development C) StatistLcsSocial Indicators C ) Other (Specify) 
G. In what form were the data encoded? 
K()Cell ( ) Point ( ) Polygon C ) Tabular ) Other 
-
H. What map scale was used? 
I 500,000 ( ) 1250.000 ) .l,O00,O00o ) l:2,O000 
WP Other (specify) 1:96,000 
I. What is the minimum area of the polygon or cell encoded?
 
One acre ( ) 10 acres ( ) 0 acres ( ) 61
i acres
 
0) Other (specify) 92 acres county-wide, 5 acres urban
IIt. Please provide the following Information for the study J. Date woik was Initiated: April, 1974 
designated on the map. 
 Date work was completed: December19/4
A. Name of the study area: Santa Barbara K. What computer software was use,? GRID 
0. Maine 	 What computer hardware was used (i.e., 1011 37n7) 360 MODELof organization doing computer work: ESRI 50 
_____________________________(Loca 
Who owns the computer hardware? (Orqan /at ion) Unfiversitv o (;alitornitIo,,) T{fT id Z- 6r-nia 
C. of oranzaton: O Private Business ( ) federal Agency
eck one) 	 L. Other Cmntsu(atLach information as desi red)-The County Study Area( ) State Agency ( ) Municipality was 23 square miles the Urban stua dVTheConjar suy re 
County C ) University 	 miles. 
Other (Please specify) 	 IV. Please list or attach names and addresses of other indlivildu.11s you think 
should receive this questionnaile.

Please-return Lhis questionnaire to: Doug Mutter, Federation of Rocky litaln States 
2460 West 26th Ave., 
Suite 3000, ur, CO 80211
 
0 
tiLa 	 I IHLJ10A 
t
... i COMPUTER"IA P lie 
UACK6iJONU 	 D. Organization the work was done for: C) U S. Bureau of Land Manageiut() U S. roiet Service I
(Check One) 

n. 	 Your Name Jack Dangermord ) U.S. Fish &Wildli c Service 
Environmental Systems ) State Agency (Specify) ( ) U.S Bureau of fleclamallon 
B. Your Organization 	Research Institute ( ) Other Federal (Specfy) 
C. Address 380 	New York Street
 )County (Specify) ______________ 	
_________ 
Redlands, California
 
Municipality (Specify)
92373 

(X)Other (Specify) Private Land 	Developer
 
Ii. Plese indicate on tihemap below the approximate boundaries E. Indicate the data or maps computerized: 
of the computer composite mapping actviLty past or present) 
of which you are aware, Please use one questionnaire per (X) Soils ( ) Land Use C ) Social 
Study. (X) Geology ( ) Transportation C ) Economic 
X) Vegetation (K) Water C ) Other (Specify) 
r. Indicate new data 	or maps created or composiLLd.
 
(X) Optimal Location 	 ) [conomic Indicators 
(X) Lonstiants to Development ) StatsliLcS 
C Social Indicators Other (Spec, 
41 	 Ecological Impact 
Potential, Erosion 
G. In what form were 	the data encoded7 Potential
 
(K)Cell ()Point C)Polygon C)Tabular (}Othier_____ 
H. What map scale was used?
 
C ) 1500,000 1:250,000 1:1,000,000 ( 1( ) ( ) 	 l:24,000 
CC) Other (specify) 1:4,800
 
1. What Is the minimum area of the polygon or cell encoded? 
One acre ( ) 10 acres ( ) h0 acres ( ) 6ie acres
 
CC) Other (specify) approx. 50 square feet 
Il. 	Please provide the following information for the study J, Date work was InitiaLed: approx. March, 1974
 
deS ina ted on the map. Date work was compleLed: approx. June, 1974
 
A. Name of the study 	area: Topanga Canyon K. What computer software was used? GRID 
What 	computli hardware was used ( .e., IBM 3707) 360 MODEL 50 
. tlaie of organization doing computer woik. ESRI Who owns the computer haidware? 	(Oran i at on)nUr versa yp fE a_i ra 
(Locat ion) Rivorsice, Jal-iorfiaa 
C. Typcoforganlzatlon: C) Private Business C ) tederal Agency L. Other comments Irforiation as 	 aaach .desiredTheStudyA kreja
i-heck one) C) State Agency ( ) Munic palIty 145 acres in lopanga Canyon. 
County ( ) UnivUrsiLy 
C) Other (Please specify) IV, Please list or attach names and addresses of other n(liVduils you tink 
shoul Id receive this qu(c,tjonnaire. 
Please return this questionnaire to: 	 Uoug Mutter, Federation or itocky lountain States
 
21zBO West 26th Ave., Suite 300B, Oenvel, CO 80211
 
I 
COMPUTER IIAPPIIG 
JACK(,AOutN 0. Organization the work was done for: ( ) U.S. Bureau of Land Management 
(Check One) ') U.S. Forest Service 1.A. Your Name Jack angermnd( ) U.S. Fish & Wildlife Service
 
Environmental Systems 	 ) State Agency (Specify) ( ) U.S. Bureau of Ileclarntioi 
B. Your OrganIzatLion Research Institute 	 Other Federal (Specify) 
380 New York Street
 
Redlands, California ) County (Specify)
 
92373 Municipality (Specify)
 
C. Address 
CR Other (Specify) Private Land Planning Firm 
II. Please indicate on the map below the approximate boundaries 	 E. Indicate the data or maps computerized:
of the computer composite mapping activity (past or present)

of which you are aware. Please use one questionnaire per X) Soils ) Land Use C) Social
 
study. 
 (X) Geology ( ) Transportation C ) Economic
 
AX vegetation MC water C)Other (Specify) _____
 
Topography 
F. Indicate new data or maps created or composlted. 
() ConstgainLs to Development C ) Stat'.tics 
i 	 So ial Indicators C Other (Specify)Slope
 
C. In what ljoin wvre the 	danto encoded? 
C)Cell C) Point ( 3 Polygon C) Tabular ( 3 Other 
H. What map scale was used? 
1:500.000 ( ) 1:250,000 3 1I:I,000,000 ) 1.24,OOO 
lC) Other (specify) 1:4.800 
1. WhaL Is the minimum area of the polygon or call encodvd? 
C) One acre ( ) 10 acres ( ) It0acres C) 6O acres 
CC) Other (specify) 50 	 square feet 
I II. Please provide the following Information for Lhe study J. Dale woik was Initiated: March, 1973debitrdLaed on the map. Date work was completed: June. ].973 
A. 	 tiame of the studj area: Lago fDorado K. What computer software was used? GRID 
What computer haidware was used (i.e., I 370?) 360 MODEL 50 
B. Name of organization doing computer work: ESRI 	 Who owns the computer hardware? (Oiqaniltion)Unaversity ot Calitorn:(Location) Riverside. Q.±li i a 
C. Type of orranlztion: 	 (Y)Private Business ( 3 rederal Agency L. Other comments (atnach Information as desired)The Study Area was(Ceck one 	 State Agency 3 Municipality 1000 acres in San Diego County.
 
County () University
3 Other (Please specify) IV.Please list or attach names and addresses of other Indlviduals you think
 
shoult receive this questionnaire.
 
Ple&likreturn this questionnaire to: Doug Mutter, Federation of Rocky, sitain States
 
21i0 West 26th Ave., Suite 300B, 1 er, CO 80211
 
COLORADO
 
ORIGINAL PAGE IS 
OF POOR QUALITY 
- 45 ­
QUESTIONNAIRE 
 December 1976
 
COMPUTER HAP*
 
I JACKJI{OUND D. Organization the work was done for: ( ) U.S. Bureau of Land Management 
A Your Name John Nabel (Check One) ( ) U.S. Forest Service
A U.S. Fish & Wildlife Service 
B YorOrganization Ad a ms County Planning Dept.OteFdra(SciyY ) State Agency (Specify) ( ) U.S. Bureau of Reclamation 
..5ou 	 ( ) Other Federal (Speci Fy) 
C. 	 Address 450 South 4th Avenue 
Brighton, Colorado 80601 County (specify) Adams County (County owned computer 
mapiig sysnj

municipality (Specify) 

Other (Specify)
 
00 II Please indicate on the map below the approximate boundaries E. Indicate the data or maps computerized.of the computer composite mapping activiLty (past or present) 
of which you are aware. Please use one questionnaire per ()Soils C)Land Use () Social
study. Geology C) Transportation Economic 
Vegetation 	 ( ) Water Other (Specify)j Je date 
Proqram will be installed Aug. '77, will start with parcel
 
mapping & expand to other elements as progress
 
-	 F. Indicate new data or maps created or composited 
Optimal Location ( ) Economic Indicators 
Constraints to Development C) Statistics 
Social Indicators XX Other (Specify) 
be none to daze
will 

G. In what formXUV)e the datafencoded?
 
Cell X() Point (X)Polygon ( ) Tabular C) Other 
H. What map scale was used?
 
1.500,000 I 250,000 ) 1.1,O00,O00 ( ) 1-24,000 
XX Other (specify) will input from any available source, most 
1. What fro 	at least 4DD scale. 
is the minimum 	area of the polygon or cell encoded? 
One acre ( ) 10 acres ( ) 40 acres C) 640 acres 
Other (specify) any size or shape 
Ill. Please provide the following information for the study 	 J. Date work ves initiated: Aug. '77
designated on 	the map 
 Date work was 	completed:
 
A. Name of the study area: Adams County 	 K. What computer software was userlomputer Research Corporation 
UD. Name of organization doing computer work: Adams County What computer hardware was used (I.e., IBl 370?)PL) 1-34Who owns the computer hardware? (Organ, zation)A Aomq r,,,1+,, 
Planning Department and Engineering Department 	 (LoWownthcmpehaation) 
C. peoforianization: Private Business ( ) Federal Agency L. Other comments (attach information as desired) This interactive pro­k eState Agency C)Municipality

X County (() University g-am-w-i-- al!ow site cpPifir iitlli7atiln of any EfdifiableOther (Please specify) IV.Please list or attach names and addresses of other individuals you think informar 
should receive this 1iiest(1O1),nHe ti on. 
Please return this questionnaire to. Doug Mutter, Federation of Rocky Mountain States 
2'jbO West 26th Ave., Suite 3000, denver, Co 80211 
I 
Q.UL51 IONNAINL Decenlher 9g,6
COtPUTER MIAPPIt)C 
BACKCMOuNU 
 1D. 
 Organization the work was 
done for. ( ) U.S. Bureau of Land management'A. Your Name Craig S. Morrison (Check One) ) U.S. Forest Service
S. Morrisonoy(SpeU.S.)Stte geny )U.S Fisk & Wildlife Service(pecfy)( Bureau of Reclamation
 
B. Your Organization Boulder County Land Use Department Agendr (SpecSy)( 
_____________________Other Federal (Specify) 
P. ROXC. Address 20 471 
(XCounty (Specify) BoulderBoulder, Colorado 80306 
Municipality (Specify)
 
Other (Specify)
 
i. Please indicate on the map below the approximate boundaries E. Indicate the data or maps computerized:
of the computer composite mapping activity (past or present)

of which you are aware. Please use one questionnaire per (X) Soils (X)Land Use 
 (X) Social
 
study. 
 (X) Geology X) Transportation (X) Economic
 
(X)Vegetation Wx Water (X) Other (Specify) Ownership, 
Wildlife, Mineral Resources
 
F. Indicate new data or maps created or composited.
 
(X) Optimal Location C) Economic Indicators 
(x) Constraints to Development C ) Statistics 
Social Indicators ( ) Other (Specify) 
G. 
In what form were the data encoded?
 
( ) Cell ( ) Point (C Polygon C ) Tabular C) Other 
H. What map scale was used?
 
1.500,000 C) 1.250,000 C ) 1:1,000,000 t2 1.2'1,o0o 
Other (specify) 
I. What Is the minimum area of the polygon or cell encoded?
 
() One acre ( ) 10 acres ( ) 40 acres C) 640 acres 
( ) Other (specify)
 
III. Please provide the following information for the study J. Date work was initialed 6/1/76
designated on the map 
 Date work was completed h /1LZ Z 
A. Name of the study area Boulder County K. What computer software was used? Our own 
What computer hardware was used (i.e.,
B. Name of organization doing computer work: Long Range IBM 370'?) TRa.3fl2 .5Who owns the computer hardware? (Orqani7ation) United Airlines 
Planning Division (Location) nprm er Techno oR-Lca1 
Center
C. Tyipeof oryanization: ( ) Private Business C) Federal Agency(Check one) L. Other conmients tattach informption as desi ed)A Tnf-Qxm43on S)stem( ) State Agency ( ) Municipality is belng dove loped for cogprehonsijc planning 
t)( County ( ) University
Other (Please specify) 
 IV. Please list or attach names and addresses of other individuals you think
 
should receive this questionnaire 
Please return this questionnaire to. Doug Mutter, Federation of Rocky Mountain States 
24ao West 26th Ave., Suite 300B. denA CO 80211,I1
 
QUESIIONNAIRE 	 December 1916 
RCS st Received 1/31/77 	 COMPUTER I*lCt, 
I UACKGROUND 	 D. Organization the work was done for ( ) U S. Bureau of Land Management'. 
( ) U.S. Forest ServiceA. 	 Your Name Karen Bo Smith, Asst. Planner (Check One) ()U S Fish & Wildlife Service 
MC) State Agency (Specify) ( ) U S. Bureau of Reclamation 
B. Your Organization Ase/Pti PlnigOf 	 Other Federal (Specify)Aspen/Pitkin Planning Off. 	 Dept. of Loc. Aff.(NBl041 EDA 6208 Wqater Quality) 
C. Address 130 South Galena St. 	 Deto f Lcf Ot F r ( y 
Aspen, Colorado (')County (Specify) Pitkin 
)Municipality (Specify) Aspen81611 
(X) Other (Specify) NW CO Council 	 of Governmentsh'Projected 7fu-ded by 11.41, ZU8, andt Pitkin County to 
IH Please indicate oil the map below the a) roximate boundaries E. Indicate the data or maps compu2e Ized 0serve several program
of the coipuLer composite mapping activity (past or present) 
0 of which you are aware. Please use one questionnaire per ( ) Soils (X) Land Use () Social objectives 
vo suy X) Geology ()Transportation ()Economic
W0 Vegetation (X) Water (X) Other (Specify)Wildlife, 
Zoning, Parcels
 
F. Indicate new data or maps created 	or composited 
Wx Optimal Location C)Economic Indicators 
() Constraints to Development ) Statistics 
Social 	Indicators (X) Other (Speci
 
Land Us fllocatioysfone pergpTcj Slope Aspect, Wildfire
 
tive map? water qua i y su ta Ei yazard ASpet ilire
 
co 	 G. In what form were the data encoded? 
Sx) 	 Cell ( ) Point (4 Polygon ( ) Tabular C ) Other 
H. What map scale was used? 
1 500,000 ) 1I 250,000 ) 1,000,000 9 I 24,000 
(r Other (specify) 1:12,000 
I. What is the minimum area of the polygon or cell encoded? 
( ) One 	acre ( ) 10 acres ( ) 40 acres C ) 640 acres 
00 Other (specify) 200 X 200 foot 
Ill. 	 Please provide the following information for the study J. Date work was initiated: January f77
 
designated on the map. Date work was completed In progress
 
A. 	 Name of the study area Pitkin County K. What computer software was use,l? plotter and digitizer 
What computer hardware was used (i.e., IBM 37o data general eclipse C/B. Name of organization doing computer work Comnrc Design 	 Who owns the computer hardware? (0rqanizaton) COmfa1c 300 
(Location) San Francisco. CA 
Systems, Inc. Aspen & Pitkin Co. have dupiicate hardware 
C. 	 Tye of organization: (X) Private Business C )Federal Agency L. Other comments (attach Information as desired)Mapping project still in 
~ one) State Agency ( ) Municipality d of maps is sublec- change.eck 	 ( ) 
County ( ) University t 
( ) Other (Please specify) IV. Please list or attach names and addresses of other individuals you think 
should receive this questionnaire. 
Please return this questionnaire to: 	 Doug Mutter, Federation of Rocky Mountain Stales
 
24 bO West 26th Ave., Suite 300B, 0enver, CO 80211
 
uL i i1HA I RIL 	 UPi.cmbel 19/6 
COMPUTER MAPPING 
I. UACKGitOUNU 	 0. Organization the work was done for: ( U S. Bureau of Land Management 
A. Your Name Donald L. Schrupp 	 (Check One) C I U S. Forest Service 
U.S Fish S Wildlife Service 
) State Agency (Specify) ( ) U.S. Bureau of Reclamation 
B. 	 Your Organzatin Colorado Division cW'Wiedlife( ) Other Federal (Specify) 
6060 N. BroadwayC. Address 
Denver, Colorado 	 80216%' ) County (Specify) 
Municipality 	(Specify)
 
Other (Specify)
 
II. Please indicate on 	the map below the aproximate boundaries E. Indicate the data or maps computerized:

of the computer composite mapping activity (past or present) 
of which you are aware. Please use one questionnaire per ( ) Soils ( ) Land Use ( ) Social 
study, Geology ( )Transportation ( ) Economic 
(x)Vegetation ()water (X)other (Specify) _____ 
Wildlife Distributions 
F. Indicate new data or maps created or compositodi
 
Optimal Location C ) Economic Indicators 
Constraints to Development ( IStatistics 
Social Indicators ( ) Other (Specify) 
WIldlife Composites 
4" t. In what form were 	the data encoded?
 
Cell ( ) Point () Polygon ( ) Tabular ( ) Other 
H. What map 	scale was used?
 
( 1-500,000 	 C)1:250,000 ()10,000,000 ( 1:zh,ooo 
Other (specify) 1:26,720 
I. What is the minimum 	area of the polygon or cell encoded? 
One acre O acres O acres ( ) 61io acres0) 0) 

Other (specify)
 
Ill. 	 Please provide the following information for the study J. Date work was initiated' 3/77
 
designated on the map. 
 Date work was 	completed: Ongoin£ 
A. Name of the study area: K. What computer sortuare was usel? TEKTRONIX, APCMS, MAPDRAW 
What computer hardware was used i.e., BM3707) 409)B. 	 Name of organization doing computer work. Who owns the computer hardware? (Orqanization) Unlv . o (Location) - ilHlear. CO 
Typooforganization. Private Business
c. 	 ( ) ( ) Federal Agency L. Other comnents (attach Information as desired) 
eck one) ( ) 	 State Agency ( Municipality 
county C) University 
Other (Please specify) IV. Please list or attach names and addresses of other Individuals you think 
shnuld receive this questionnaile.
 
Please return this questionnaire to; Doug Mutter, FedetaLion of Rocky Mountain States
 
2z0o West 26th Ave., Suite 300B, eOlca., CO 8021l
 
00 
qUL, I011NNAIII(Leibc 1r1/6
 
COIIPUTER ING 
1. UACKGROuN) 
D 	 Organization the work was done for. ( ) U.S. Bureau of Land lanagement-
A. 	Your Name R- Wn I eTS (Check One) ( Forest ServiceA )) U.SU.S Fish G Wildlife ServiceB. 	 Your Organization CCMARC )SaeAec Sely 	 eea
BState 	 Agency (Specify) te Se~y
U.S. Bureau of Reclamation
 
_______________________Other Federal (Speci fy)
C. 	 Address Ag71 C311 tnre Buidin 
Embarcadero at Mission'-	 ( ) County (Specify) 
San Francisco, CA 94107 
 ) Municipality (Specify) 
le (XICOther (Specify) NW Colo. Council of Governments
II. Please indicate on the map below the approximate boundaries 
 E. 	Indicate the data or maps computerized:

. of the computer composi te mapping activity (past or present)
of which you 	 are aware. Please use one quesLionnaire perstudy., 	 (x) Soils (x)Land Useo l 	 (X)
La U esocial
 
(X) Geology C) Transportation C)Economic
- ) 	 VegetationQ I'C	 (X) Water (00 Other (Specify) Topography, 
Wildfire, Wildlife, sfhfiivisions, etc. 
F. 	 Indicate new data or maps created or composited: 
( ) Optimal Location 
 ( ) Economic Indicators 
(Y Constraints to Development 
 () Statistics 
E Social Indicators Other (Specify) 
G. 
In what form were the data encoded?
 
Cell C ) Point (xk Polygon ( ) Tabular ( ) Other
 
H. 	What map scale was used?
 
1:500,000 ( ) 1:250,000 1:1,000,000 0Cy, 12h,000 
Other (specify) 1:120,000 
I. What is the minimum area of the polygon or cell encoded?
 
QC4 One acre ( ) 10 acres ( ) A0 acres C) 640 acres 
( ) Other (specify)
 
Ill. Please provide the following tnformation for the study 
 J. 	Date work was initiated: 1976
designated on the map. 
 Date work was completed' 19// 
A. 	 Name of the study area: NWCCOG CRegion XII) K. What computer software was used? COMPISWhat computer hardware was 	 used t1.i., 1M 3707) D.G. C300B. 	 Name of organization doIng computer work: COMARC Who 	owns the computer hardware? (Organization) COMAR 
(Location) San irancisco
 
C. 	 Type of organization. 64 Private Business ( ) Federal Agency(Check one) L. Other comments (attach Information as desired)( ) State Agency ( ) Municipality 
County ( ) University
Other (Please specify) 	 IV. Please list or attach names 
and 	addresses of other Individuals you think
 
shnuld receive this que.stlnlonallt.

Please return this questionnaire to: Doug fluLter, Fedeatlon of Itocky lountain States
 
2480 West 26th Ave., Suite 3000, Uenver, CO 80211
 
c 
qULS I IUiiHiHI l DeCember 9/6 
COMPUTER IIAPPING 
I. Ui\CKGROUND D. Organization the work was done for: 
 ( ) U.S. Bureau of Land ManagementA. Your Name R. Walters 	 (Check One) ( ) U.5. Forest Service
 
U.S. Fish & Wildlife Service8. Your organization COMRC 
 ( State Agency (Specify) 	 ( )) U S. Bureau of RdclamatlonOther Federal 
(Specify)
 
C. 	 Address Agriculture Building
 
Embarcadero at Mission,' ) County (Specify)
 
San Francisco, CA 94107 ) Municipality (Specify) 
(XrOther (Specify) Cola West Area Council of Governments 
II. Please indicate on the map below 	 the approximate boundaries E. Indicate the data or maps computerized:
of the computer composite mapping activity Tpast or present)
of which you are aware. Please use one questionnaire per 
 soils X Land Use 
 Social
 
study. 
 ( ) 	 roansportato ) Economic 
(X) Vegetation ( ) Water C ) Other (Specify) 
F. Indicate new data or maps created 	or composited:
 
Optimal Location 	 C)Economic Indicators
Constraints to 	Development 
 ( ) StatisticsSocial Indicators 
 ( ) Other (Specify) 
LiG 

G. 
In what form were the data encoded?
 
Cell ( ) Point C4 Polygon ( 	) Tabular C ) Other 
N. What map scale was used? 
1.500,000 ( ) 1:250,000 ( ) l:l,O0,O 1:24,000 
Other (specify)
 
I. What is the 	minimum area of the polygon or cell encoded?
 
One acre ( ) 10 acres ( ) 40 acres C ) 640 acres 
Other (specify) 
II1. Please provide the following information for the study 
 J. Date work was initiated: 1976
designated on 	the map.

A. 	 Date work was completed. 1977Name of the study area: CWACOG (Region XI) K. What computer software was usel? COMPIS 
B. Name of organization doing computer work. COMARC 	 What computer was (i.e., IBM 37n?) Data Generalo owns hardware usedth  compute  hardware? (Orqanization) COMARG C300 
(Location) 	 Smnn r'nn q n 
C. Tnecof oryanizationX)X) Private Business ( ) Federal Agency L. Other comments (attach information as desired)e k o 
 State Agency ( ) Municipality 
County ( ) UniversityOther (Please 	 specify) IV. Please list or attach names and addresses of other Individuals you think 
should receive this questionnaie.Please return this questionnaire to: 	 Doug flutter, Fedeiatlon of iocky lMountaln States
 
24o West 26th Ave., Suite 3008, den 0 CO 80211
 
QUESTIONNAIRE 
 Deceiboi 1976 
COMPUTER IOJr, 
0
 
I BACKGROUND 
 D. 	Organization the work was done for. ( ) U S. Bureau of Land Management ­
(Check One) ( ) U S Forest ServiceA. 	 Your Name Doug Mutter ( ) U 5 Fish & Wildlife Service
 
State Agency (Specify) ( ) U.S. Bureau of Reclamation
 
B. Your Organization Federation of Rocky Mountain States 	 ( ) Other Federal (specify) 
- 300B
C. 	 Address 2480 W. 26th Avenue 

Denver, Colorado County (Specify)
 
SMunicipality (Specify).
80211 
()0 	 Other (Specify) Colo. St. Univ. 
II. Please indicate on the map below 	 the approximate boundaries E Indicate the data or maps computerized:

of the computer composite mapping activity past or present)
 
of which you are aware Please use one questionnaire per 
 (A Soils ( ) Land Use ( ) Social 
study
P 	 Geology ( ) Transportation ( ) Economic
 Vegetation ( ) Water other CSpecify)SloPe
 
F. 	Indicate new data or maps created or composited
 
( Optimal Location ) Economic Indicators 
() Constraints to Development ) Statistics 
Social Indicators ) Other (Specify) 
Ln CA 
Mr G. In what form were the data encoded?
 
Co 
 k 	 Cell ( ) Point ( ) Polygon ( Tabular CI Other 
H. 	What map scale was used?
 
1 500,000 ( 1 1.250,000 1I 1,000,000 N) 1:24,000 
Other 	(specify)
 
I. 	What is the minimum area of the polygon or cell encoded?
 
One 	acre ( ) 10 acres ( ) 40 acres ( I 640 acres 
-C4 	 Other (specify) 1.6 acres 
Ill. 	 Please provide the following information for the study J. Date work was initiated. 1971
 
designated on the map 
 Date work was completed: 1972 
A. 	 Name of the study area Masonville K. What computer software was use,l? CMS I 
B 	 Name of organization doing computer work Federation of What computer hardware was used IBII 370?) M)1' 640n(i.e., f 
Who owns the computer hardware? (Orqanizaton ion 
Rocky Mountain States 	 (Location) Bulder E8 
C. 	 Type of oryanization. ( ) Private Business ( ) Federal Agency L. Other comments (attach information as 	 desired)[Check one ( ) 	State Agency ) Mlunicipality
 
County ( ) University
(a4 	 Other (Please specify) IV. Please list or attach names and addresses of other individuals you think
 
Regional 	 should receive this questionnaire. 
Please return this questionnaire to: 	 Doug Mutter, Federation of Rocky Mountain States
 
2480 West 26th Ave., Suite 300B, Jenver, CO 80211
 
QUESTIONNAIRE 	 December 19/6 
COMPUTER IAPPI(IG
 
I 	UACKGROUND D. 	Organization the work was done for-
 ( ) U.S Bureau of Land Management
 
A. 	 Your Name Doug Mutter (Check One) Forest Service(  )) U.SU.S Fish & Wildlife Service 
B3. Your OrganizationFederati-on of Rocky Mountain States ( )State Agency (Specify) ( ) U.S. Bureau of Reclamation 
_______8. Yo Other Federal (Specify) 
C. 	Address 2480 W. 26th Ave. - 300B USGS I 
Colorado 	 Cnr-ounty (Specify)
 
80211 Municipality (Specify)
 
Other (Specify)
 
II Please indicate on the map below the approximate boundaries E. Indicate the data or maps computerized.
of 	the computer composite mapping activity Tpast present)orof which you are aware. Please use one questionnaire per ( ) Soils kA Land Use k Social. 
sdGeology f13 Transportation .( Economic 
k,, Vegetation kC$ Water F4 Other (Specify) Hazards, Open 
space, subdivisions, scenic
 
F. Indicate new data or maps created or composited 
K4C3	Optimal Location ( ) Econoiic Indicators 
Constraints to Development C) Statistics 
Social Indicators 	 ( ) Other (Specify)
 
('ii 
G.
ur 	 In what form were the data encoded? 
6) Cell ( ) Point ( ) Polygon ( ) Tabular ( ) Other
 
H. 	What map scale was used?
 
1 500,000 ( ) 1:250,000 ( ) l:l,Oo00,OO ( ) 1:24,000 
N 	 Other (specify) 1:72,000 
I. 	What is the minimum area of the polygon or cell encoded?
 
One 	 acre fC 10 acres ( ) 4O acres ) 64 O acres 
Other (specify)
 
I1. Please provide the following information for the study 
 J. 	Date woik was initiated. 1973designated on the map. 
 Date work was completed: 1973
 
A. 	 Name of the study area Jefferson County K. 	What computer software was usel? CMS I 
What computer hardwareB. Name of organization doing computer work Federation of 	 was used (i,.e., IBM 370?) 'DC 64D0 OWho 	 owns the computer hardware? (Orqanzation) Un jvjofCqO 
Rocky Mountain States 	 (Location) Boulder, C0 
C. 	TYpe of organization: ( ) Private Business ( ) Federal Agency L. 	Other conmments (attach information as desired)aCneck
one ( ) State Agency ) unicipality 
County ( ) University 
J(4 Other (Please specify) IV. Please list or attach names and addresses of other individuals you Lhink 
should receive this cluestionnalle 
Please return this questionnaire to. Doug Muttei, Federation of Rocky Mlountain SLates 
248O West 26th Ave., Suite 300B. envAdkCO 80211 
QUESTIONNAIRE 
 December 19/6
 
0 0 , C'OFPUTER H 4 
-rC) i U\CKGiOUND D. Organization the work was done for ( )g / uD(Check One)(()) 	 U S. Bureau of Land Managcment"U S. roest Service 
A. Your Nlame Doug Mutter ( U S. Fish & Wildlife Service()State Agency (Specify) ( I U S. Bureau of Reclamation 
, B. Your Organzaton Federation of Rocky Mountain States 	 ( ) Other Federal (Specfy) 
"~ CC. Address 2480 It 26th Avenue - 300B
 
Denver, Colorado County (Specify)
 
opM 
 ( ) iunicipality (Specify) 
8 1 Other (Specify) in house
 
II Please indicate on the map below the approximate boundaries E. Indicate the data or maps computerized.

of the computer composite mapping activity past or present)

of which you are aware Please use one questionnaire per ( ) Soils 
 ( ) Land Use (2 Social 
study Geology ( ) Transportation (09 Economic 
Vegetation ( ) Water ()a Other (Specify) 
F. Indicate new data or maps created or composited 
Optimal Location (YJ Economic Indicators 
Constraints to Development ( ) Statistics 
00 Social Indicators C ) Other (Specify) 
4 
 G In what form were the data encoded?
 
(A Cell ( ) Point ( ) Polygon ( ) Tabular ( ) Other 
H. What map scale was used?
 
1 500,000 ( ) 1:250,000 x) 1 1,000000 C 1.24,o000 
Other (specify)
 
I. What Is the minimum area of the polygon or cell encoded?
 
( ) One acre ( ) 10 acres ( ) 40 acres ( ) 640 acres 
(29 Other (specify) 2 Sq. miles 
Ill. Please provide the following information for the study 	 J. Date woik was 
initiated. 1972designated on the map. 
 Date work was completed. 1972
 
A. Name of the study area Colorado 
 K. What software wasK. at computerco puter hofrdwaie was used? MS Iused e,l? BM 30)Afll_ 
B. Name of organization doing computer work. Federation of What computer hardwae was used (e IBM 37o)_j	 -
ho owns the computer hardware? (Orqanization)- 6 ~jMLz-C
Rocky Mountain States (Location) Boulder. CO 
C. xpe of oranization. C) Private Business ( ) Federal Agency L. Other comments (attach information as desired)
{.heek one, ( ) State Agency ( lunicipality
 
County C ) University
(y$Other (Please specify) IV. Please list or attach names and addresses of other individuals you think
 
Regional should receive this questionnaiie
 
Please return this questionnaire to. Doug Mutter, Federation of Rocky liountain States
 
2460 West 26thlAve., Suite 3008, denver, CO 80211
 
VUL 0 I UIIII I IL D' c.uib i 19/6 
COMPU1 MRtlAPPING 
I. 	 UAC RitOUND D. 	 Orqanl4ation the 	work was done for: (X U S. ureanu or Land Maonqoeent" 
A. 	 Your nme Paul Roebuck, Coordinator/AREMS-l (Check One) ( ) 	 U.S. rorv.t Service 
U S. Fish & Wildlife Service
 
S. 	Your Organization O0fce of the State Archnof O(2 State Agency (Specify) ( ) U.S. Bureau of ReclamationO 	iAtd sneologist ofOSAC ( 	 Other Federal (Specify)OAC. 	Address OSACPioneer Hall ,fl.~t,.rT TTr ivr'~ly	 ( ) County (Specify) 
Municipality (Specify)Denver, CO 
Other (Specify)
 
I1. Please indicate on tile map below the aproxiLmate boundaries E. Indcate the 	data or maps computerizedof 	 the computer composite mapping activity (past or 	present)of 	which you are aware Please use one questionnaire per 
 Soils Land Use Social 
s Geology 
 ( ) 	Transportation ( ) 	 Economic 
IVegetation 
 CIWater ()Other (Specify) 
_____ 
F. Indicate new data or maps created or composited: 
Optimal Location ( ) 	Economic Indicators 
Constraints to Development 
 ( I 	StatisticsSocial Indicators ( ) 	Other (Speci fy) 
G. In what form were tile ddta encoded? 
Cell (K) Point (X) Polygon ( ) Tabular ( ) Other
 
H. 	 What map scale was used? 
I 500,000 ( ) 1250,000 1:1,000,000 124,000 
Other (specify)
 
I. What is the minimum area of the polygon or cell encoded? 
( One acre ( ) I0 acres 40 acresA ( )640 acres 
Other (specify)
 
Ill. 
 Please provide the following information for the study 
 J. 	Date work was initiated November 1976
designated on the map. Date work was completed June 197/A. 	Name of the study area..Colorado K. 	What computer software was used? CMS-II (Boulder Cty. Ma ping)B. 	Name of organization doing computer work Antiquities What computer hardware was used I.e., IBM 370?) WANG 2200/Interdatal
Who owns the computer hardware? (Organization) Bldr. (ty/'united 
-BM 37(
Resources Consulting & Computer Services 	 (Location) Air ines 
Te 	o qoanizat ion. Boulder Cty Planning OfiC. 	 TecofSkoneor ( ) Private Business QC) rederal Agency L. Other commentsx) 	State Agency ( ) Municipality (attach information as desired) (attch) 
County C ) UniversityOther (Please specify) 
 IV. Please list or attach names and addresses of other individuals you think 
should receive this questionnairePlease return this questionnaire to: Doug Mutter, Federation of Rocky ountain StaLes
 
21u00 West 26th Ave., Suite 300D, tena 
 CO 	 80211 ATTACHMENT 
March 28,1977 
The Office of the State Archaeologist of Colorado and the BLM State Archaeologist's Office
stered into a cooperative agreement to determine the feasibility of computerizing cultural 
resource information in the state of Colorado. The pilot project was funded for a six month
 
period..Phase I, completed February 1,1977, was an evaluation of available software which
 
might be adapted for cultural resource management purposes. 
The EXIR data base manager developed by the TAXIFI4?RIC Laboratory in Boulder is being 
used to provide a retrieval system for archaeological site inventory information. Data from 
the Montrose BLM district is being coded to Drove the capability of the system.
 
Twelve geographic information systems were evaluated for the project. These systems 
are substantially the same as those evaluated by Larry J. Salmen in his Technical Advisory
 
of the Great River Environmental Action Team. Several versions of CMS-II ,were also considered. 
These included those versions currently in use at Boulder County, Jefferson County, Colorado
1"

and the Bureau of Recla-mation.Dept. of Agriculture, 
The nature of archaeological data is such that only polygonal data is practical for our 
application. On occasion,several sites are located in close proximity to one another and
 
the cellular approach cannot always provide sufficient discrimination. 
Funding for this project is and will remain a problem. Graphics tablets, plotters, and 
the custom software to drive them are beyond the reach of OSAC. Several organizations have 
offered to bridge the gap on a cost basis if we wish to use their facilities. However, poly­
gonal digitizing of the entire state at a scale of 1:24,000 of political boundaries, slope, 
watershed, soil type, geologic strata, habitat and plant communities, mineral development, 
grazing, forestry, recreation, and archaeological site locations, which is what is required 
to make our application successful, is still far toeexpensive, As the counties develope 
mapping systems to comply with the 1041 legislation, and their digitized data becomes 
available, it will become possible for us to use a geographic based information system. 
The BLM is planning to have complete maps of the state digitized within five to seven 
years as part of their Detailed Requirements Definition plan. If that information is made 
vailable to the state at minimal cost then it will become feasible to use a geographic 
Lsea information system. 
In short, although our needs for mapping information are acute, we will simply have to 
wait. I am anxious to see the Directory of conposite mapping activities in the Western States. 
I've had some difficulty in tracking down all of the organizations currently involved in 
computer composite mapping in Colorado. Your directory will prove invaluable. 
I look forward to hearing from you in the future.
 
Sincerely, 2 
Paul Roebuck 
ORIGINAL PAGE 15 
OF POOR QUA"Ty 
- 56 ­
QUESTIONNAIRE 	 Dccerbfi.r 19?6
 
COMPUTER AAPPiNG 
I. 	 UACKGAOUND 0. Organization the work was done for! ( U S. Bureau of Land Management 
(Check One) C ) U.S Forest Service 
A. Your Name Do Mutter.( 	 U S. Fish & Wildlife Service
 
State 	Agency (Specify) ( ) U.S Bureau of Reclamation 
S. Your Organization Federation of Rocky Mountain States 	 ( ) Other Federal (Specify) 
C. Address _ p% a 11 	 9,Sth A ire - '(nOB ( County (Specify) ______________________ 
Denver, Colorado 80211 ( ) 	 unicipality (Specify)_ __ _ 
(4 Other (Specify) Public Service Co. 
II. 	 Please indicate on the map below the aEoroate boundaries c. Indicate the data or maps computerized: 
of the computer composite mapping activity post or present) 
of which you are aware. Please use one questionnaire per C I Soils ( ) Land Use M Social 
study. Geology ( J Transportation rC)5 Economic 
Vegetation ()Water ( ) Other (Specify)______ 
F. 	Indicate new data or maps created or composited.
 
) 	 O(ptimial Location (j Economic indicators 
Constraints to Development )statistics 
Social Indicators ( ) Other (Specify) 
8. In what form were the data encoded?
 
SCell ( ) Point C ) Polygon ( Tabular ( ) Other 
H. What map scale was used?
 
:500,OO0 ), 250,000 )'I,OO0,00 ( )01:24,000 
( Other (specify)___ 
I. What is the mtinium area of the polygon or cel) encoded?
 
) 	One acre ( ) 10 acres ( ) 40 acres ( ) 640 acres 
_ 	 - Other (specify) about 2 acres 
il. 	 Please provide the following information for the study J. Date work was initiated 1972 
designated on the rap. Date work was completed 1972 
A. 	Name of the study area: flnve K. What computer software was used? C.S 
What computer hordtarle was used ',.e., lOB 3701) CD 6400 
B. 	Name of organization doing computer work: Fp4 tjonii of Who owns the computer hardware? (OrqanizaLion) UnIV. a CO 
(Location) _.P3ondLeTECORocky Mountain States 

C. 	[ypeof organization: ( Private Business ( ) Federal Agency L. Other comments (attach information as desired) 
tfeck one) ( ) 	 State Agency ) Municipaity
 
County ( ) University
() Other (Please specify) IV.Please list or attach names and addresses of other individuals you think 
Regional should receive this questionnaire. 
Pleaser~eurn this questionnaire to. Voug Mutter, Federation of Rocky Mail States 
z46O West 26th Ave., Suite 300, eni to 80211 
I 
I 
COIPUTCR IAPP IG 
,DKGIOudD D. 	Organization the work was done for. ( ) U.S. Bureau of Land'flanageniv.iL 
(Check One) C) U S. rorpt Service 
n. 	 Your Nanie Jack Dangermond ) U S. Fish & Wildlife Servic7e 
Environmental 	Systems ( ) State Agency (Specify) ( ) U.S. Bure iu of Reclahition 
0. Your Organization Research Institute 	 ( ) Other Federal (Specify) 
0 0 C. Address 380 New York Street 
. ) County (Specify)Redlands, California
 
92373nds California) 

Municipality (Specify)
 
(20 Other (Specify) Toups 	 Corporation 
Ii. Please indicate on the map below the approximate boundaries E. Indicate the data or maps computerized:
 
' of the computer composite mapping activity past or present)
 
of which you are aware. Please use one questionnaire per Soils (XJ Land Use C ) Social
 
study. 
 geology (X) Transportation ( ) Economic 
Vegetation (X) Water Bodies & (Y) Other (specify) Wildlife 
Sanitation Habitats Slop-e rans-
Districts mission Lines, Floodplains
 
r. 	 Indicate new data or maps created or composited 
Optimal Location C ) Economic Indicators 
020 Constraints to Development (. taistics 
Social Indicators ( ) Othl (Spucify) 
oo 	 G. In wIhat fojnj were encoded?
( 	 Le dat,, 
I 	 () CI I ( ) Point ( ) Polygon ( ) Tabular ( ) Other 
Hi.What map scale was used?
 
1 5o0,000 ) 1.250,000 C) 1l1,oOO,ooe ( ) i:24,0oo 
(y) 	 Other (specify) l:48.000 
I. What is the minimum area 	of the polygon or cell encoded?
 
One 	acre ( ) 10 acres IX) 40 acres C ) 610 acres 
Other (specify)
 
111. 	 Please provide the following information for the study J. Date woik was Initiated: June. 1976
 
designated on the map. Date work was completed: ,Tanunry. 1,977
 
A. 	ilame of the study area: Larimer/Weld COG (208 Water K. I/int computer software was use,? GRID 
Quality Program)S Ihat compute hardware was used (i.e., 1011 37n?) 360 MODEL 50 g 	 flame or organization doing computer work: ESRI Who owns the computer hardware? 	(Orcian lza ton) -f-liTforni 
(Locatio) Riverside Qalifornia 
C. 	1yecof oranizatIon: K) Private Business ) Federal Agency L. Other comments (attach Information as desi red) The Stud Area was 
e) C) State Agency C ) Municlipality 1.875 square miles in Larimer and-l-9 -CouFt-e--,-CToradc 
() County C ) University 
Other (Please specify) IV. Please list or attach nare5 and addresses of other individuals you thinh
 
should receive this questtoire.
 
Please return this 	questionnaire to: Uoug Mutter, Federation of Rocky iountain States
 
2460 West 26th Ave., Suite 3008, denver, CO 80211
 
_______ 
QULS1 IONNAJRIC Becumbui 19,J6 
COIPUTER HlAPP ING 
. BACKGROUND 0. 	Organization the work was done for: ( ) U.S. Bureau of Land tlanagement'-
A. 	 Your Name Louis Campbell (Check One) ( ) S. Forest Service ) 
UU S. Fish & Wildlife Service
 
(B State Agency (Specify) ( ) U.S. Bureau of Reclamation
B. 	 Your Organization Coloo Dib no of Plang( 	 ) Other Federal (Specify)Dim. Planning 	 ~~Divn, of Planning 
___________
C. 	Address R90 Stats'(2entenipl Rlc1 . 
county (specify)1313 Sherman St. 

Denver, Colorado 80203 ( ) Municipality (Specify)
 
Other (Specify)
 
II. Please 
indicate on the map below the approxIate boundaries E. Indicate the data or maps computerized.

of the computer composite mapping activity past or present)

of which you are aware Please use one questionnaire per ( ) Soils ( ) Land Use 
 C ) Social
study. 
 ( ) 	Geology ( ) Transportation ( ) Economic 
Vegetation ( ) Water C) Other (Specify) County 
planimetric base maps
 
F. 	Indicate new data or maps created or composited
 
Optimal Location 	 ( ) Economic Indicators 
Constraints to Development C) Statistics 
Social Indicators C) Other (Specify) 
G. 	In what form were the data encoded?
 
Cell 
 ( ) 	 Point x) Polygon C ) Tabular ( ) Other 
H. 	What map scale was used?
 
( ) I 500,000 ) 1.250,000 ( ) I'l,000,000 ) 1I 24,000 
Other0c (speci fy) 1:63,360 
I. 	What Is the minimum area of the polygon or cell encoded? 
One 	 acre ( ) 10 acres () 40 acres () 640 acres 
Other (specify)
 
IIl Please provide the following information for the study 
 J. 	Date work was initiated
designated on the map. 
 Date work was completed in progress 
A. 	 Name of the study area' Colorado Counties 	 K, What computer software was use'?_ 
What computer hardware wasameof organization doing computer work: Computer 	 used (i.e., IBM 370?)Research, Who owns the computer hardware? (Orqanization) CRC 
Corp. (Location) ACrrird m nlnrnAn 
C. 	Iype of oranization. (4 Private Business C()Federal Agency 
 L. 	 Other comments (attach information as desired)(eck one) 
 State Agency C)Municipality
 
County ( ) University

Other (Please specify) 
 IV. Please list or attach names and addresses of other individuals you think
 
should receive this questionnaire.
 
Please 	return this questionnaire to. Doug Mutter, Federation of Rocky Mountain States
 
2480 West 26th Ave., Suite 300, den * CO 80211
 
QUES1 IONNAIRE Decembi 19/6 
C'OMPUTER itir 
I BACKGROUND 
 C. Organization the work was done for: 
 ( ) U S. Bureau of Land Management'
A. Your Home Doug Mutter 
 (Check One) ( ) U.S Forest ServiceA rD M 
U S. Fish , Wildlife Servicet ) State Agency (Specify) 
 ( ) U S. Bureau of ReclamationB. Your Organization Federation of Rocky Mountain States C ) Other Federal (Specify) 
C Address 2480 IV. 26th Avenue - 300B Col. Energy Res. Inst. 
Denver, Colorado 80211 County (Specify)
 
Municipality (Specify),
 
£0 Other (Specify) For FRMS Landsat Project (NASA)
II. Please indicate on the map below the aproxinlate boundaries E. Indicate the data or maps computerized:of the computer composite mapping activity past or present)

of which you are aware Please use one questionnaire per 
 ( ) Soils 0 Land Use/cover ( ) Social 
study. Geology ( ) Transportation ( ) Economic 
Vegetation ()Water Q)Other (specify) Landsat 
F. Indicate new' data or maps created or compos ited. 
O p tim a l
P Location ( )-Economic IndicatorsConstraints to 
Development ()Statistics 
( Social Indicators ( ) Other (Specify) 
) G. In what form were the data encoded?
 
I (X) Cell ( ) Point ( ) Polygon ( ) Tabular ( ) Other 
H. What map scale was used?
 
I 500,000 ( ) 1:250,000 ( ) I 1,000,000 ( 1:24,000 
Other (specify)
 
I. What Is the minimum area of the polygon or cell encoded?
 
( ) One acre ( ) 10 acres ( ) 40 acres () 640 acres 
(x)Other (specify) 1.1 acre
 
Ill. Please provide the following information for the study 
 J. Date work was initiated.
designated on the map. 1975 Date work was completed' 1976
A. Name of the study area: Colorado test sites 
 K. What co I usel? 
K.Wa omputer software wasus? L S 
. Name of organization doing computer work: Colorado What computer hardware was used IBM 370?)_ 40Who owns the computer hardware? (Orqaniation) ootI vt 

State University (Location) lJt. JoLi-ns,0-CG-
C. te of organization: ( ) Private Business ( ) Federal Agency
wneck one) L. Other comments (attach Information as desired)( State Agency ( ) Municipality 
county (X) University
 
Other (Please specify) IV. Please list 
or attach names and addresses of other Individuals you think 
should receive this questionnaire. 
Please return this questionnaire to: Doug Mutter, Federation of Rocky Mountain States 
240 West 26th Ave., Suite 300B, denver, CO 80211 
,4
 
I 
kul" ij IUNI;i ii 	 Docembe: 1916 
COIIPUTER IIAPPiIlC 
I. ACK6ROUND 
 \. 
 Organization 	the work was done for:
A. Your Name Doug Mutter 	 C ) U.S. Bureau of Land Management'­(Check One) 
 C ) U.S. Fotest Service 
) U.S. Fish & Wildlife Service

B. Your Organizatlonederation of Rocky Mountain States k* State Agency (Specify) ( ) U.S. Bureau of Reclamation 
Federal (Specify)Colo. Energy Res. Inst. ()Other 

C. 	 Address 2480 WV.26th Avenue - 300B
 
Denver,_ Colorado 80211 ( ) County (Specify)
 
Municipality 	(Specify)
 
(X) Other (Specify) For FRMS Landsat Project (NASA)
II. Please indicate on the map below the aproximate boundaries E. Indicate the data or maps computerized:
of the computer composite mapping activity or present) Epst

of which you 	are aware. Please use one questionnaire per ) Soils ) Land Use Social 
sd Geology C) Transportation ( ) Ecoqomic 
- ) Vegetation ( ) Water (X)Other (Speci fy) Topography
 
F. Indicate 
now data or maps created or composited
 
Optimal Location ()-Economic Indicators
 
Constraints to Development 
 C ) Statistics
 ) Social Indicators 	 (X)Other (Specify) 
0Rer'_proi 	 n, Ptentfial
H 

G. 
In what form were the data encoded?
 
(X)Cell ( ) Point ( ) Polygon ( ) Tabular C) Other 
H. What map 	scale was used?
 
C) 1.500,000 ( ) 1:250,000 ( ) 1:1,000,000 4 1-24,000 
Other (specify)
 
I. What is the minimum area of the polygon or cell encoded?
 
(') One acre ( )10 acres C ) 4O acres C) 640 acres 
(y4 Other (specify) 1.1 acre
 
Ill. 
 Please provide the following information for the study 
 J. Date work 	was initiated: 1Q7S
designated on 	the map. 
 Date work was 	completed: 976
 
A. Name of the study area- Fox Creek 
 K. What computer software was use,? G-Maps 
B. Name of organization doing computer work: Los Alamos 	 Who owns
at computer 	hardware was used (i.e., IBt 370?) CDC 6400
the computer hardwar ? (Orqanization) 
 T.AST
 
gnio,,I-fj 	" I(Location) 

-Tn, Agrnn- NM
 
C. eOfooranization: 
 C) Private Business (X) Federal Agency L. Other comments (attach Information as desired)
,anek oFC ) State Agency C)Municipality
 
County ( ) University
C ) Other (Please specify) 	 IV. Please list or attach names and addresses 	of other individuals you think
 
should receive this questionnaire

Please return this questionnaire to: Doug tutter, Federation of Rocky Miountain States
 
24b0 West 26th Ave., Suite 300, denai CO 80211
 
QUrSTONNARE Decemberl76 
COih'UTER liWjG 
I UACKtiOuNH D. Organization tile work was done for: C ) U S. Bureau of Land Management 
A. Your Name David Ver Steeg 	 (Check One) } S. Forest Service(  ) U  Fish & Wildlife Service 
B. 	Your Organization Environment Consultants, Inc. ) State Agency (Specify) ( ) U.S. Bureau of Reclamation( ) Other Federal (Specify) 
C Address 720 Kipling, Suite 12 
Lakewood, CO 80215 	 ( ) County (Specify) 
Municipality (Specify)
 
(X) Other (Specify) SOnOr Student Project
 
II Please indicate on the nap below the approximate boundaries 
 E. Indicate the data or maps computerized.of the computer composite mapping activity (past or piesent)
of which you are aware. Please use one questionnaire per 
 (X) Soils 
 (X)Land Use (y)Social
 
Study. 
 (X) Geology (X) Transportation ( ) Economic 
Vegetation Water ( ) Other (Specify) 
F. Indicate new data or maps created or composiLed
 
Ct 
ic() 	 Optimal Location k)Economic Indicators Constraints to Development& Land () Statistics 
Social Indicators uSe pang( ) Other (Specify) 
G. 
In what form were the data encoded?
 
(X)Cell ( ) Point (' Polygon ( ) Tabular ( ) Other 
H. What map scale was used? 
1:500,000 ( ) 1 250,000 ( ) I.i,O00,O00 ()Q 1.24,000 
Other (specify)
 
I. What is the minimum area of the polygon or cell encoded?
 
(X)One acre ( ) 10 
acres ( ) 40 acres C) 640 acres 
( ) Other (specify)
 
Ill. 
 Please provide the following information for the study 
 J. Date work was initiated. .TAn 1976designated on the map 
 Date work was completed: March 1976 
A Name of the study arca. Boulder Quadrangle (Marshall, CO) K. What computer 	 Softlware was usel? GMAPS (Ortran) 
0. Name of organization doing computer work- Environment Con- What computer hardtare was used (i .e., IM 3/!) j.QJ(__Who owns the computer hardware? (Orqi jat on). ._ 1 j .neS
sultants, Inc. & Colorado School of Mines (Io, Liiii) 
C.Type oeoforanization (X) Private Business C()Federal Agency Other

,ahek oe L. comments (attach information as desired)
State Agency M
lunicipality__________________________________County 
 (X) University
Other (Please specify) IV.Please list or attach names and addresses of other individuals you think 
shuld receive tils (quest onina ie.-c
 
Please return this questionnaire to Doug futter, Federation of Rocky Mountain StaLes
 
24o0 West 26th Ave., Suite 300B, denver, CO 80211 
II 
QUEST IONNAIRE 	 December 1976 
COMPUTER MtAPPING
 
D. Organization the work was 
done for. ( ) U.S. Bureau of Land ManagementA. Your -DaV/ldi Am r t _ 	 (Check One)Name V"_S.4GtOO ( ) U S. Forest Service) U S. Fish & Wildlife Service 
Your Organlzation 
-.Environment Consultants, (9 State Agency (Specify) ( ) U.S. Bureau of ReclamationInc. 	 CERI( ) Other Federal (Specify) 
C. 	 Address 720 Kipling, Suite 12
 
Eakewood, CO 80215 ( ) County (Speci fy)
 
Municipality (Specify).
 
Other (Specify)

Please indicate on the 	 map below the approximate boundaries E. Indicate the data 	or maps computerized.of the computer composi te mapping activity (past or present)of which you are aware
Study. Please use one questionnaire per	 )a Saoils (09Land Uses y Geology 	 ex) Social(-9Transportation, 
 ( ) Economic 
(---Vegetation (j Water (X) Other (Specify) 
.wiljdlifPe0-
-F. Indicate new data or maps created or composited. 
(X) Optimal location Cenerg ) deEcnomi Indicators 
Constraints to Development 	 C) Statistics 
Social Indicators Other (Specify) 
G. 
In what form were the data encoded?
 
( Cell ( ) Point ( ) Polygon C ) Tabular ( ) Other
 
H. What map scale was 	 used? 
1:500,000 iX) 1:250,000 C) i 1,000,000 ( ) I 24,000 
Other (specify)
 
I. What is the minimum area of the polygon or cell 	encoded? 
( ) One acre ( ) 10 acres () 40 acres ( ) 640 acres 
(X) Other (specify) 125 acresIll. Please provide the following information for the study J. Date work Was initiated: Sept, 1976
designated on the map 
 Date work was completed: Tnn. 1976 
A. Name of the study 	area: Northwest CO K. What computer software was used? GMAPS (Fortran)
B. Name of organization doing computer work: Environment Consultants What computer hardware was useu i, .e. IBM 370) PDP10Who owns the computer hardware? Orqan zation)Inc. and Colorado School of Mines (Location) 
_ 
C. Typeof oruanization. ( Private Business C) 'ederal AgencyCheck one) 	 L. Other comments (attach information as desired)() StaLe Agency () municipality
 
County (X) UniversiLy
Other (Please specify) 
 IV. Please list or attach names 
and addresses of other 	individuals you think
 
snhouId receive this ques t Oilna ire. 
Please turn this questionnaire to: Doug Mutter, Federation of Rocky otnf StaLeS 
24
u0 West 26th Ave., 
Suite 3000, donvt0 80211
 
0 
qUEST (001AIi£ 	 Oecembcer 1976 
COhPUTER ifeA 
I. UACKI80UND 	 D. Organization the work was done for: J U.S Bureau of Land Planagoment 
(Check One) 	 ( } U S. Foiest Service 
11 Your Name ------ V-Ste---- I U 'S Fsh & Wjldlire Service 
( ) State Agency (Specify) U S. Bureau of Reclamation 
. Your Organization 	 Environmcnt Consultants, Tnc. ) Other federal (Speclfy) 
tV - C. Address 720 Kipling, Suite 12 
(Y4County (Specify) Jefferson County Planning 
iI~~enn&,.CfL~~~~8fl2I5 	 ( I Kunicipality (Slpecify) __________________________ 
( Other (specify). 
It. Please indicate on 	the map below the approximate boundaries 1 Indicate the data or maps computerized: 
Sof i(he computer copipos [ce mpp ig actviLy past or present) 
of which you are aware. Please use one questionnaire per 	 (X) Soils (X) Land Use social 
5Ld.(X) Geology rinspoitatloo, (~ not 
/x) Vagetatuoan aer C Other(Specifyl 
F. 	 d now daa or naps created coiiwpostedIndicate 	 or 
(x) Opti,.al Location 	 ) Economic Indicators 
(Vl Corstiajols to Development IStatistics(X) Social Indicators 	 () Other (Spucilfy) 
G. In what form were the data encoded? 
(DOCell j) Point 	 ( ) Polygon ( ) Tabular ( )Other -
H. What map scale was used7
 
1.500,000 ( 1.250,O00 ( i.i,00.000 C 24,000 
()0 Other (specify) 1;72,000 
I. What Is the minimum 	 area of the polyron or cell encoded? 
One acre (X) 1o acres £ 1 i0acres ( ) 640 acres 
CIOther (specify) _______________________ 
Ill, 	 Please provide the following infornmtion for the study J, Date work Was initiated. Jan. 1975
 
designated on the map. 
 Date work was completd;d: JUMIIE7 
A. Name of the study aroa.Jefferson County,' Colorado K Uhat computer soFtware was use,)? SMAPS rForiran)
 
B, Name of organ.i~aion doing computer work- Colorado What cipouter hardware was used 1ie., IBM 1oT?). In
 
__a__oaaodo__ptr 	 rkordWho owns the computer hardware? [Orlan italon)Clo.jS f Ffilrs 
(Location)School of Mines 	 [Dr. Keith Turner) 
C. hleke ornzaton.. ) Private Business ( ) Federal Agency L, Other comients (attach informatio as desired) 
a 	o no State Agency () lunieliality
 
Couty *)o University

Other 	(Please specify) IV.Please list or attach names and addresses of other individuals you think
 
shoru)ld raeho tis lostio,na,irer. 
Please return this questionnaire to. 	 Ooug flutter, Federation of Rocky Mountain States
 
2460 West 26th Ave., Su'e 3008, uenver, CO 80211
 
QUCSTIONNAIRI 
 December 1916
 
COMPUTER 	 MAPPING 
I. 	 BACKGROUND D. 	Organization the work was done for 
 ( ) U.S. Bureau of Land Management 
(Check One) () U.S. Forest ServiceA. 	Your Name Dougj Mutter ( ) U.S. Fish & Wildlife Service
 
) State Agency (Specify) ( ) U.S. Bureau of Reclamation
B 	 Your Organization Federation of Rocky Mountain States ( Other Federal (S ecify) 
C Address 2480 W. 26th Avenue - 300B 	 Bur. Outdoor.w±ecreation
 
) 	County (Specify)Denver, Colorado 
80211 ()Municipality (Specify) 
)Other (Specify). 
11. Please indicate on the map below the approximate boundaries 
 E. 	Indicate the data or maps computerized.
of 	the computer composite mapping activity past or present)

of which you are aware. Please use one questionnaire per 	 9 6 ( ) 	Soils (C Land Use1 3, 170( ) Social
study. 
 ( ) 	Geology ( ) Transportation C ) Economic
 
Vegetation ( ) Water ( ) Other (Specify)
 
F. 	Indicate new data or maps created or composited: 
Optimal Location ) Economic Indicators 
Constraints to Development C) Statistics 
Social 	Indicators 1C Other (Specify)
 
Landuse change/open space
 
Ln 
 G. In what form were the data encoded? 
I U Cell ( ) Point ( )Polygon ( ) Tabular ( ) Other 
H. 	What map scale was used?
 
1:500,000 (XX 1.250,000 ( ) I 1,000,000 C ) 1:24,00 
Other (specify)
 
I. 	What is the minimum area of the polygon or cell encoded?
 
One 	 acre kil 1o acres ( ) 4O acres ( ) 640 acres 
Other (specify)
 
III. Please provide the following information for the study J. Date work was initiated' 1973
 
designated on the map. 
 Date work was completed 1971 
A. 	 Name of the study area: Denver K. 	What computer software was usedl? PLANMAP CI4ANGEZ 
What computer hardware was used i.e., IBM 370?)B. 	 Name of organization doing computer work'Colorado State Who owns the computer hardware? (Orqanization) Colob St. Univ. 
University (Locat ion) Pt foln1 i C.0 
C. 	Type of or(anization. C) Private Business ( ) Federal Agency L. 	Other comments (attiach information as desired)
heck one) C	) State Agency ( ) Municipality
 
c County P9 University
) Other (Please specify) 	 IV. Please list or attach names and addresses of other individuals you think 
should receive this questionnaire. 
Please return this questionnaire to. Doug Mutter, Federation of Rocky Mountain States 
24O West 26th Ave., Suite 3008, den* CO 80211 
QUESTIONNAIRE 	 December 1976
 
COMPUTER H1i*J, 
1. 	13ACKGAOUND 
 0. 	Organization the work was done for ( ) U S. Bureau or Land Management 
(Check One) ( I U S Forest ServiceA. 	Your Name Doug Mutter ) U.S Fish & Wildlife Service 
State Agency (Specify) ( ) U.S Bureau of ReclamationB. 	Your OrganizatonFederation of Rocky Mountain States 
 ( ) 	Other Federal (Specify) 
C. 	Address 2480 IV.26th Ave. - 300B
 
) County (Specify)
flenver Colorado
 ) Municipality (Specify)
80211 
tOy 	Other (Specify) Public Service Company 
II. 	 Please indicate on the map below the approxiiiate boundaries E. Indicate the data or maps computerized
 
of the computer composite mapping activity past or present)

of which you are aware. Please use one questionnaire per ( ) Soils ( ) Land Use ( ) Social

study. 
 CI 	 Geology () Transportation ( ) Economic 
Vegetation (0 Water Other (Specify) transmission 
corridors topography (& many
b--ner topics in tile
 
F. 	IndIcate new data or maps created or composited
 
(o Optimal Location for Power Plnt4 ) Economic Indicators 
() Constraints to Development ( ) Statistics 
( ) Social Indicators ( ) Other (Specify) 
G. 	In what form were the data encoded?
 
bO 	 Cell ( ) Point ( ) Polygon ( ) Tabular C) Other 
H. 	What map scale was used?
 
I 500,000 C) 1.250,000 (x) 1l,OOO,O000 ) I 24,000 
Other (specify)
 
I. 	What is the minimum area of the polygon or cell encoded?
 
One acre ( ) I0acres ( ) 40 acres () 640 acres 
( Other (specify) 4 Square Miles 
1iT. Please provide the following information for the study J. Date work was initiated. 1974 (data 1970)

designated on 
the map. Date work was 	completed 1U-74 
A Name of the study area Colorado K. 	What computer software was used? CS I
What computer hardware was used I.e., lBli370?) cD 64(1n

B. 	Name of organization doing computer work: Federation of Who owns 
the 	computer hardware? (0rqanization) Tinl-r_ nf Cn
(Locaion 
 Roi:irC 
Rocky Mountain States 	 (Locat on) Bouler C0
 
C. 	Ihecofeoranzation: C) Private Business C ) Federal Agency L. 	Other conmients (attach information as desired) Colo. Land and Resourcee k ne 	 State Agency ( ) Municipality Information (CLARI) Files weve conVc-e1u for UMS useage 
, CounLy ()University

(d Other (Please specify) 
 IV. Please list or attach names and addresses of other individuals you think
 
Regional should receive this questionnaiie.
 
Please return this questionnaire to. Doug Mutter, Federation of Rocky Mountain States
 
24a0 West 26th Ave., Suite 3008, denver, CO 80211
 
ATTACHMENT
 
COLORADO
 
Colorado Land and Resources Index consists of some 150 natural 
resource characteristics by 100 km cells. FRMS and Colorado School 
of Mines have interlinked this CLARI map file with the standard 4 sq. 
mile program of CMS - so that all CLARI can be directly printed out 
inCMS. At present, only the following maps have been converted to 
CMS files. 
Cell Size: 100 Km original, to 4 sq. mi. CMS
 
Vintaqe: 1960-70
 
SINGLE TOPICS 	 Water availability
 
Road accessibility
 
Contour roughness
 
Active railroad corridors
 
High voltage transmission lines
 
COMPOSITE MAPS
 
Electric generation
 
Plant site suitability
 
ADDITIONAL TOPICS INTHE CLARI FILE
 
Ownership area (10)
 
Administrative area f2)
 
Forestry (6)
 
Forest Type area (8)
 
Natural Vegetation - supplement (11)
 
Agriculture (8)
 
Hydrology
 
Mean annual precipitation (10)
 
Normal summer precipitation (10)
 
Normal winter precipitation (11)
 
COLORADO,continued
 
ADDITIONAL TOPICS IN CLARI FILE continued
 
Mean annual temperature (7)
 
Water resources (2)
 
Wetland (2)
 
Water resources (17)
 
Geology (6)
 
Soil (10)
 
Landforms (10)
 
Elevation (10)
 
Slope (2)
 
Mineral resources (11)
 
Population density (7)
 
Urban land (10)
 
Public and semi-public institutions (8)
 
Water & sewage treatment/waste disposal (2)
 
Environment and Natural resources (1)
 
Outdoor recreation (10)
 
Airport facilities (5)
 
Highway (6)
 
Railway (5)
 
Communications & utilities (8)
 
Miscellaneous landmarks (4)
 
ORIGINAL PAGE ]B 
OF POOR QUALny 
QUESI (ONNA(E 
 Dcccmbcr 19/G 
COJPUTER hIAPP IUk 
. iSACKGSOutv 
 D. Organization the work was done for. ( ) 
US. Bureau of Land anagoment'­
(Check One) ( ) U.S Forest ServiceA. Your Name David Carson( ) U.S Fish & Wildlife ServiceYour organization Col. Dept, of Agriculture Bureau of(yJ State Agency (Specify) ( ) ts Reclamation0£Agriculture___
_ ( Other Federal (Specify) 
C,.De.t. of A ceG. Address 1525 Sherman, fourth floor 
county (specify)Denver, Colorado 

802_03_ 3 )municipality (Specify)____________________
 
Other (Specify)
 
I1. Please Indicate o the map below the opproiiate boundaries E. 
Indicate the data or maps computerized

of the computer composite mapping activItyfp{rast or present)
of which you are aware Please use one questionnaire per 	 (xJ Soils ( ) Land Use 
 ( ) Social
 
study 
 aeology ( ) Transportation ) Economic
 
Vegetation I ) Water (0 Other (Specify)_
 
see attachment 
F. Indicate new data or mapns creted 	or compose ted 
Optimal Location I)Economic Indicators 
Constraints to Development ) Statistics 
SSocial Indicators Other (Specify) 
C. Inwhat Form were the data encoded? 
(: Cell I ) Point C ) Polygon ) Tabular ( ) Other 
H. What map scale was used?
 
()j I:5uoO0 ( ) 1:25D,000 ( ) l:l,OO0 ( ) .2',,OOO 
Other (specify)
 
I. Wlhat Is the mlnimum area of the polygon or cell encoded? 
(') One acre Io)acres ( ) 4i0acres C ) 6ieo acres 
-, Other (specify) 500 acres 
Ill. Please provide the following information for the study J. Date work was initiated. Sept. 1976
 
designated on the map. 
 Date work was completed 
.mne 1977
A, Name of the study area. Colorado K. \ha computer software was 
 used? .. S f 
R. Name of organization doing computer work. Co lorado 	 YJhat coiiputerm u e hardwaredw a d I h TBM .3711 4 5c a r s OhtU e., 1707)was used ieSTC)Who owns the computer hardware? (Orqanization) TB 3fj4State of C I drado 
Dept. of Agriculture (Location) 202 9- oin.131d. 
-Den4arrCo.2fl2210C. jZQQ orni zatlioni ) Private Business ()r,dnoi Agency L. Other coaitb (attah Inforiiatio, as desired]
u 
 State Agency ( )Municipality 
County ( ) University

Other (Please specify) 
 IV. Please list or attach names and addresses of other Individuals you think
 
should receive this juestronorire 
Please return this questionnaire to: 	 Doug Mutter, Federation of Rocky hount'in States 
2Jy Q West 26th Ave., Suite 360R, d \@ 0 80211 ATTACIMENT 
.1 
0 L O R A D O C O M P O S I T E M A P P I@G F I L E S T A T U S S 11 E E T
 
E 
oH 4 
EnHZ fl 
fl H 4 
w40p 
SOILS POTENTIAL FOR IRRIGATED AGRICULTURE; Colorado Land Use Commission; 
1:500 000; 1974. 5 categories based on SCS soil classification. 
0P4 
ce-Ai 
_ 
X 
['w0 
X 
P4 P4 
X 
P. 
X J6m IS 
SOILS POTENTIAL FOR NON-IRRIGATED AGRICULTURE; Colorado Land Use Commission; 
1:500 000; 1974. 5 categories based on SCS soil classification. 'll X ) 
LAND USE EXISTING LAND USE; Colorado Land Use Commission; 1973; 1:500 000. 
9 categories including irrigated, non-irrigated and range land. 
LAND COVER LAND COVER MAP OF COLORADO (to be developed); Colorado State Univer­
sity; 1:500 000; 1977. Photointerpretation of color infrared prints 
taken from 1976 LANDSAT imagery of the state. Approx, 12 categories 
cll I 
ENERGY ENERGY RESOURCES MAP OF COLORADO (approximate title); U. S. Geological 
Survey; 1:500 000; 1977. Includes coal, oil shale, uranium, geothermal. 
Mw I 
ENERGY PROPOSED ENERGY FACILITIES; Colorado Department of Highways; 1:500 000; 
1976. 6 categories of facilities, plus impacted communities, BLM 0; 
coal leasing areas 
cci 15 
WATER HYDROLOGIC UNIT MAP OF COLORADO: 
1974. 96 n tt4. 
U. S. Geological Survey; 1:500 000; FC6tt 
BOUNDARY STATE BASE MAP SERIES--COLORADO (topographic edition); U. S. Geological 
Survey; 1:500 000; 1969. 63 counties 
ce-l ( X X X J 
CI'
 
--
-- 
QUCSI IONIAI RE OLc.LIbeIL
19/6
 
COMPUTER fIAPPlifo6
 
1. 	 BACKGRiOUND 0. 	Organization the work was done for ( ) U.S. Bureau of Land Management'.
 
A. 	Your Name Dr. Frank T. Aldrich A o Nr( (Check One) C) U S. Forest Service
) U.S Fish & Wildlife Service
 
U. 	Your Organization Geography Dept. 
-	 C) State Agency (Specify) () U.S. Bureau of Reclamation
 
_Other 
 ( ) Federal (Specify)
 
C. 	 Address Arizona State University
 
County (Specify)
Temp, 

Municipality (Specify)
 
(R9 Other (Specify) W.R. Grnce Co. (for newv town location study) 
11 Please indicate on the ilap below the j)proximate botudaries E. Indicate tie data or maps computerized.
of the .oiipuLei colnposilte mapping act ivi)l7Y75Tt' L 57n7)e
of which you are aware. Please use one questionnaire per 
 (x)Soils (X) Land Use (09 Socialstudy. 
 ( 	Geology 2(29 Transportation E9conomic 
(X)Vegetati.on (2 water C)Other (Specify) 
_____ 
f" -' ­ "r, 	 I t-d tn i Iw I-11 1Il l 11.1111*1 1('411Q(i t L.oil.¢l,t)
'
 
(xj 	Opt imal LocatLion ()Economiiic Inadica tors( 	 Constraints to Development C) Statistics
 
Social Indicators ( ) Other (Specify)
 
G. 
In what form were the data encoded?
 
(')Cell ( ) Point ( ) Polygon ( ) Tabular ( Other
 
H. 	What map scale was used?
 
1500,000 ( ) 1:250,000 ( ) l.I,OOO,OO0 ( ) I 24,000 
(9 Other (specify) One mile = 1/2 inch 
I. What is the minimum area of the polygon or cell encoded?
 
One acre ( ) 10 acres () 40 acres () 640 acres
 
Other (specify)
 
Ill. Please provide the following information for the study 
 J. 	Date work was Initiated
designated on the map. 
 Date work was completed
 
A. 	Name of the study area. Craig Project K. What computer software was used? Composite Mapping Systeml(CMS) 
What computer hardware was used (i.e., IBM 3707) (UL- 400B. 	Name of organization doing computer work. Mountain Who owns the computer hardware? (OrqanizationUL'
-- o
 
West Research, Inc. 
 (Location) BC .ld- (0.---_--
C. 	Mie of ora,(ization. (X)Private ,,sness ()
rc deial Agency L Other Com,Ients (attach Infoniatlo, as desired) 3600 Mi. Woreneck ( ) State Agency ( ) hinicipolity
 
County 
 ( ) University
Other (Please specify) 
 IV. Please list or aitach names and addre-,ses of other Individutils you thi.k
 
%hould receive this questiOlillhie
 
Please 	return this questionnaire to: Doug Mutter, Federation of Rocky Mountain States
 
24o West 26th Ave., Suite 300B, den GO 80211
 
1lnC
 
December 1916 
QUESI * AIlE 
COMPUTER ,APPING 
( ) U S. Bureau of 	Land Management
D. Organization the work was done for: 
1. UACKGROUND 
 (Check One) 	 () U.S. Forest Service
 ) u S. Fish & Wildlife Service L BlackburnA. Your Name 	 I) Stale Agency (Specify) C ) U S. Bureau of ReclamationAdvanced Planning 
 Other Federal (Specify)
State ArchaeoloistB. Your Organization Jefferson County Planning 
C. Adrs 1700 Arapahoe
 ) County (Specify) 	________________________C. Address 10 Arphe( 
Golden, Colorado
 
Municipality (Specify).
 
8ohi1 	 () Other (Specify)
 
Indicate the data or maps computerized:
II. 	Please indicate on the map below the 2paproxinate boundaries E. 
of the computer composite mapping activity (pabt ei present) ( ) Soils 	 ( ) Land Use ( ) Social
 
of which you are aware. Please use one questionnaire per 

std.Geology 	 ( ) Transportation C ) Economic 
( ) Water ( ) Other (Specify)Vegetation 

See 	Attached
 
Indicate new data or maps created or composited:
F. 

) Economic IndicatorsOptimal Location 
Constraints to Development ) Statistics
 
Social Indicators ) Other (Specify)
 
See 	Attached
 
G. 	In what form were the data encoded?
 
I) Cell () Pplnt ( ) Polygon ( ) Tabular C) Other
 
H. What map scale was used?
 
1:500,000 ( ) | 250,000 C,) 1:1,000,000 (X) 1:24,000
 
(X) Other (specify) 1:72,000 
1. What Is the minimum area of the polygon or cell encoded?
 
One acre X) I0acres ( ) 40 acres ( ) 640 acres
 
Other (specify)
 
J. Date work was initiated. October 1976Ill. Please provide the following information for the study 	 Date woik was completed: In rogiressdesignated on the map. 
A. Name of the study area:_ Arcnaeoioq___U ____K. 	 What computer software was use,r?CMS I I .Staff Programs SPSS 
What computer hardware was used ( i.e., IBM 370?) Honeywel 6620 
County Who owns the computer hardware? (Orqanization)B. Name of organization doing computer work Jefferson 	 ocationPlnnng0earifnt(Location)
Planning f)epartment
 
(tac Information as- desired)C. Type of organization: C) Private Busi'ness C) Federal Agency L. Other comments 
IChck one) C) State Agency ( ) Municipality Z.( ttached
 
) County C ) University
 
or attach names and addresses of other Individuals you think
IV. Please list 
hnuld receive this questionnaire.
Other (Please specify) 

Doug 	Mutter, Federation of Rocky Mountain StaLes
Please return this 	questionnaire to: 1,1 . -I(,,r, I - .'t nf ,h,'nvnr, c0o 11 ATTAC0?ENT 
In October of 1976 a joint project between this office and the office of
 
the State Achaeologist was begun. The purpose of this study was to develop
 
a model that would aid in the prediction of potential achaeologic sites.
 
The first phase of this analysis will be completed in January 1977.
 
The first phase of the analysis will rate the relative sensitivity for
 
potential archaeologic sites on a county-wide basis.
 
The data utilized in the first phase includes the following:
 
1. Slope
 
2. Surficial Geology
 
3. Generalized Soils
 
4. Wildlife Areas
 
5. Recreation Areas
 
6. Scenic Impact Areas
 
7. Landscpae Diversity
 
8. Special Sites
 
9. Present Land Use
 
10. Geologic Hazards
 
The final output included various suitability maps and associated statistical
 
analysis.
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December 1976
CUEST CIR
 
COlPUTE PPIN G
 
the 	work was done for. ( ) U.S. Bureau of Land ManagementD. 	OrganizationI 	 BACKGROUNU (Check One) ( 	) U.S. Forest Service 
) u S. Fish & Wildlife Service 
A. 	 Your Name William L. Blackburn (Specify) ( ) U.S. Bureau of 	ReclamationJTefferson County Planning 	 JeffState Agency Other FederalDept. SaeAec Seiy  ea (Specify)eiy 
Advanced Planning \ !B. 	Your Organization 

C. 	 Address 1700 Arapahoe ( County (Specify) Jefferson
 
( ) Municipality (Specify)
Golden, Crnrpado 

80419 ) Other (Specify).
 
the 	data or maps computerized:II. Please indicate on the map below the a) roximate boundaries E. Indicate 

of the computer composite mapping activity past or present)
 ( ) Soils ( Land Use ( ) Social
 of which you are aware. Please use one questionnaire per 
std.Geology C Transportation C ) Economic 
Vegetation ( Water ( ) Other (Specify)_ 
See 	Attached 
Indicate new data or maps created or composited
 
Optimal Location ( ) Economic Indicators 
Constraints to Development (X() 
F. 

Statistics
 
Social Indicators ( Other (S ecify)

00 	 See Attached 
G. 	In what form were the data encoded?
 
00 Cell () Point ( ) Polygon () Tabular ( ) Other
 
H. 	What map scale was used? 
( ) 1.500,000 ( ) 1,250,000 ) 1:l,O ,000 (X)I:24.000 
(X) Other (specify) 1:72 000 
I. 	What is the minimum area of the polygon or cell encoded?
 
One acre (X) 10 acres ( ) 40 acres ( ) 640 acres 
Other (specify) 
initiated,
Ill. Please provide the following information for the study 	 J. Date walk was 

Date 	work was completed I,,,y 1975designated on the map. Jefferson County 

Staff Procram ; SPSSA. Name of the study area: (ature Conservancy Analysis) K. 	What computer software was userMS I I 
What 	 computer hardware was used li.e., IBM 370?) jne el 
Who 	owns the computer hardware? (Orqanization) eTco -B. 	Name of organization doing computer work: 
 (Location) rInlrlen rnlnrnrln 
Other comments (attach information as desired)C. ype of orqanization: C) Private 	Business ( ) Federal Agency L. 
tCheck one) ( ) State Agency ) unicipality 	 See ALlached 
(X)County ) Unlvi -.Ity 0111n1list 	or attach names and addiesses of other hLdll'duIndiilS you h1 Other (Please specify) 	 IV. Please( -juiuld t 10you 0 otherv 
of Rocky Mountain States 	 AI'ACMI3NTPlease return this questionnaire to: Doug Mutter. Federation 	 B 711I , , I I ,. n n ,, "' ,e en 
InPay of 1975 a special project was begun at the request of the County
 
Land Use Coordinator in order to provide information to the Rocky Mountain
 
Field Office of the Nature Conservancy and to provide information relevant
 
to the mountain area comprehensive plan effort and the House Bill 1041
 
program. The study identifies areas which combine features of biological
 
diversity, unique vegetation specieis, rare or unusual ecosystems, and
 
features of special geologic interest.
 
The following data factors were analyzed in order to generate suitability
 
ratings:
 
1. Habitat Suitability
 
2. Migration and Range Areas
 
3. Geologic Value Areas
 
4. Unusual Ecosystems
 
The final output included a map of the relative suitabilities and a statis­
tical analysis.
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December 1916 
~ 0 AIRIEOecbrI6S ~~QUEST S
,PP I MrCOMPUTE R0
CD 
I. UACKGAOUNU 
A. Your Name Will iam L. Blackburn 
Jefferson County 
f.Your OrganPlza t IonDept. nred p1 anr( 
Planning Dept. 
D, Organization the work was done for: 
(Check One) 
State Agency (Specify). 
( ) U.S. Bureau of Land Management 
( ) U S. Forest Service ) U.S. Fish & Wildlife Service ) U.S. Bureau of Reclamation ) Other Federal (SpecFy) 
S 
( 
C.0 Address 
B. Your O 
170Arapnhne 
Gan oldn, CloradoP~nn 
Golden, Colorado 
(X) county (specify) Jefferson 
( ) Municipality (Specify) 
80419 ( ) Other (Specify) 
1 
I. Please indicate on the map below the approximate boundaries 
of the computer composite mapping activity (past or presen t) 
of which you are aware. Please use one questionnaire per 
E. Indicate the data or maps computerized: 
( ) Soils ( ) Land Use 
( ) Geology ( ) Transportation 
Vegetation ( ) Water 
C) Social 
( ) Economic 
C ) Other (Specify) 
See Attached 
F. Indicate new data or maps created or composited. 
Optimal Location 
Constraints to Development 
Social Indicators I 
( ) Economic Indicators 
C)Statistics
(X)Other (Specify) 
Use Suitability Am 
I . G. In what form were the data encoded? Analysis 
(X)Cell ( ) Point ( ) Polygon C ) Tabular C) Other 
H. Whjt map scale was used? 
1:500,000 1:250,000 (,) 1:1,000,000 (X) 1.24,o00 
00 Other (specify) 1:72,000 
I. What is the minimum area of the polygon or cell encoded? 
One acre (X) 10 acres ) 40 acres ( ) 640 acres 
Other (specify) 
Ill. Please provide the following Information for the study 
designated on the map. Jefferson County 
A. Name of the study area: (Minera IExtraction Study) 
B. Name of organization doing computer work: Jefferson County 
P lann ing Dep t. (Advanced Planni ng ) 
J. Date woik was initiated. June 1976 
Date work was completed.-in Proqress 
K. What computer software was usedCMS I I.Staff Pronr m SPSS 
What computer hardware was used (i.e., IBM 37) Honeywell 6620 
Who owns the computer hardware? (Orqanl;atior) Jeferson fnuntv• (Location) Golden 7Tolorado 
(o a i n_ _ _ _ _ _ _ _ _ _ _ _ 
C. Rye of organization:(eck one) 
C) Private Business ( ) Federal Agency ( State Agency ( ) Municipality 
CCounty ) niversity 
Other (Please specify) 
L. Other comments (attach information as- desired) 
See Attached 
IV.Please list or attach names and addresses of other individuals you think 
should receive this questionnaire. 
Please return this questionnaire to: Doug Mutter, Federation of Rocky Mountain States 
,hrn li, 9A0, Av. , uIre 300B, dnver, CO 80211 
ATTACHMENT 
MINERAL EXTRACTION
 
Computerized Techniques were used to analyze proposed policies for a mineral
 
extraction plan that complies with the requirements of House Bill 1529.
 
Compositing techniques were used to create some of the geographic data.
 
Policies were formulated by staff and modeled directly for the mountain
 
portion of the county.
 
Presently a county-wide modeling of the policies is being run for staff analy­
sis and for two public decision making bodies, the Mineral Task Force and
 
the Planning Commission. The completion date for this phase is February 3, 1977
 
Data utilized included:
 
1. Visual Impact
 
2. Mineral Quality
 
3. Geologic Hazards
 
4. Unique Vegetation
 
5. Reclaimation Potential
 
6. Land Use Compatibility
 
7. Historic Sites
 
8. Archaeologic Sites
 
9. Unique Geologic Sites
 
10. Geologic Hazards
 
The final output will include suitability maps for each group and appropriate
 
statistical analysis.
 
- 77 ­
During May of 1975 it became necessary to analyze the spatial distribution
 
and impact of various items related to House Bill 1529 and House Bill 1041.
 
Such aspects as geologic hazards,, potential flood prone areas, sand, gravel,
 
and aggregate resources, wildlife habitat suitability and steep slopes were
 
analyzed using automated techniques. The results of this analysiR were in­
tegrated into the mountain area policy plan program.
 
Final output 'inaddition to data maps included a map showing the frequency
 
of occurance of the various elements, a suitability map based on a rating
 
of elements, and a cell by cell tabulation of characteristics.
 
tJEINm PAGE BLANK NOT FILMED 
- 79 ­
December 1976QUESTIONNAI RE
 
COMPUTER MAPPING
 
( ) U.S. Bureau 	of Land Management0. Organization the work was done for:
I. UACKGIAOuN (Check One) 	 C) U S Forest Service
 ) U(.S.Fish & Wildlife 	ServiceA. Your Name 	 Will iam I . Blackth'irn ( ) State Agency (Specify) , ( ) U.S. Bureau of Reclamation Jefferson County Planning Dept.( ) Other Federal (Specify)B. Your Organization Advanced Plannlng 
C. 	Address 1700 Arapahoe (X) County (Specify) Jefferson
 
Golden, Colorado Municipality (Specify)
 
84( 
 ) Other (Specify)_
 
E. Indicate the data or maps computerized:
II. Please indicate on the map below the approximate boundaries 

of the computer composite mapping activity (past or present)
 ( ) Social
of which you are aware. Please use one questionnaire per 	 ( ) Soils ( ) Land Use 

Geology 	 ( ) Transportation ( ) Economicstudy, 
Vegetation ()water 	 ()other (Specify) _____ 
See Attached 
F. 	Indicate new data or maps created or composited: 
) Economic Indicators ( ) Optimal Location Constraints to Development ) Statistics
 
( ) Social Indicators ) Other (Specify)
c 

G. Inwhat form were the data encoded? 
(X)Cell ( ) Point ( ) Polygon ( Tabular C ) Other
 
H. What map scale was used? 
I 500,000 ) 1:250,000 C) 1:1,000,000 (X)1:24,000 
(X) Other (specify) 1:72 flf 
I. What Is the minimum area of the polygon or cell encoded? 
One acre (X) 10 acres ) 40 acres ( ) 640 acres 
Other 	(specify)
 
ill. 	 Please provide the following information for the study J. Date work was initiated Jinei1976
 
designated on the map. Jefferson County Date work was completed. July 1276
 
SPS
the study area: (Opei3 Space Ana 	lysis) • K. What computer software was useICMS I I Staff PrnqpA. Name of 
What computer hardware was used ti.e., BM 370?) Honeywel1 6620 
P Name of organization doing computer work: Jefferson County Who owns the computer hardware? (Orqanization) .lfffrn 
Golden. Colorado(Location) 

Planning bepartment (Advanced Planning) 

comments (attach information as desired)C. tye of organization: ( ) Private Business ( ) Federal Agency L. Other t(hck oie 	 ( ) State Agency C) Mlunicipality Spne Ail ached.
 
?X County , ( ) University
 list or attach 	names and addresses of other individuals you thinkOther (Please specify) IV. 	Please 
should receive this questionnaire 
ATTACHMESreturn this questionnaire to: Doug Mutter, 	Federation of Rock untaln Statesase 	
'. / ri' a-,. 5 1"1*T01 .mnnuer. CO 80211 
During June and July of 1976 the Advanced Planning section worked with the
 
Jefferson County Open Space staff to develop a suitability analysis for
 
various types of recreation uses. Various data factors were analyzed in
 
order to rate the relative suitability of mountain area lands for the follow­
ing uses:
 
1. County Parks
 
2. Natural Parks
 
3. Cultural Parks
 
4. Neighborhood Parks
 
5. Trail Corridors
 
The data utilized for this analysis included the following:
 
1. Archaeologic Sites
 
2. Geologic Hazards
 
3. Habitat Suitability
 
4. Highway Corridors
 
5. Historic Sites
 
6. Inundation Potential
 ORIGiNAL PAGE ' 
7. Landscape Absorption OF POR QUALI 
8. Migration and Range
 
9. Special Sites
 
10. Visual Impact
 
11. Wildfire
 
12. Zoning
 
13. Proximity to Existing Open Space
 
14. Proximity to Existing Urbanized Areas
 
Final output included suitability maps for all uses and statistical analy­
sis.
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Drcombcr 1976QUESTIONJAINC 
COMPUTER lAPPING
 
0. Organization the work was done for: C) U.S. Bureau of Land ManagementI. BACK6itOUNU 
 (Check One) 	 ( ) U S. Forest Service
 
( ) U.S. Fish & Wildlife Service A. Your Name 	 William L. Blackburn 
 ( ) U S. Bureau 	of Reclamation
) State Agency 	(Specify)
Jefferson county Planning Dept. 	 ) Other Federal (Specify)B. Your Organization AdkAnroAd 1~C 
C. 	Address 1700 Arapahoe ()0County (Specify) Jefferson
 
Golden, Colorado
 
() kunicipality (Specify)
 
Other (Specify)
 
II. Please indicate on the map below the approximate boundaries E. Indicate the data or maps computerized:
 
of the computer composite mapping activity (past or present)
 
of which you are aware. Please use one questionnaire per ( ) Soils ( ) Land Use ( ) Social
 
Gudyeology 	 () Transportation () Economic
 
Vegetation 	 ( ) Water ( ) Other (Specify)
 
See Attached 
F. Indicate new data or maps created or composited:
 
(X)Optimal Location C) Economic Indicators
 
Constraints to Development MX statistics
 ( ) Social Indicators C) Other (Specify) 
See AttachedN) 
G. Inwhat form were the data encoded?
 
(X)Cell ( ) Point ( ) Polygon ( ) Tabular ( ) Other
 
H. What map scale was used?
 
1:500,000 ( ) 1:250,000 ( ) l:l,o00,OOO iC 1:24,000 
t-3 Other (specify) I :72,000 
I. What Is the minimum area of the polygon or cell encoded?
 
One acre (X) 10 acres ( ) 40 acres () 640 acres
 
Other (specify).
 
Ill. Please provide the following information for the study 	 J. Date work was initiated Se t h4 
designated on the map. Jefferson County 	 Date work was completed. OnGdin
 
K. What computer software was used? CMS I I . Staff Proqrams SPSS A. Name of the 	study area (Comprehenslve P1 nnins) 
What computer hardware was used I .e., IBM 3707) Honeywell 6620 
B. Name of organization doing computer work. Jefferon County Who owns the computer hardware? (Orqanizationl JefcoPlanning Department (Advanced Planning) 	 (Location) Golden, LU 
L. Other comments (attach Information as desired)
C. TYPe of organization: ( ) Private Business ( ) Federal Agency 

tCheck one) ( ) State Agency C ) Municipality See Attached
 
X)County C) University
 
IV.Please list 	or attach names and addresses of other individuals you think
 Other (Please specify)

-. 	 a should receive this questionnaire. 
ATTACHMENTPlease return this questionnaire tot Doug Mutter, Federation of ocky Quitain StaLes 	 EN 
- ,, -,L C,,.'Inn .n'i 0 8011T11 I 
The-Comprehensive Land Use Policy Planning effort has been on-going since
 
1974. During that time the primary focus has been the development of a com­
prehensive policy plan for the mountain area. Numerous analysis have been
 
conducted for this area using computerized technqiues. They include the
 
following:
 
1. 	Prediction of future land use patterns given supplier
 
values determined by both regression and discriminate
 
analysis.
 
2. 	Simulation of various citizen groups optimal land use
 
patterns. Two major citizen group attitudes as determined
 
from a mountain area wide trade-off survey were modeled.
 
3. 	Simulation of the land use impacts of the department's
 
proposed subdivision regulations on the mountain area of
 
the county.
 
4. 	Simulation of the proposed policy plan elements developed
 
by the Advanced Planning Staff.
 
5. 	Evaluation of plans as per policy and attitudinal criteria.
 
Work in Future Land Use policy planning development is the major emphasis
 
of the computerized system of the county.
 
Data factors used in these analysis included:
 
1. 	Historic Sites
 
2. 	Public Sanitation Districts
 
3. 	Slope
 
4. 	 Vegetation ORIGINAL PAGE 1B OF 	POOR QE~ 
Public Water Districts
5. 

6. 	Wildfire Hazards
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7. Aspect
 
8. Climatic Hazards
 
9. Foundation Suitability
 
10. Geologic Hazards
 
11. Habitat Suitability
 
12. Highway Corridors
 
13. Inundation Potential
 
14. Present Land Use
 
15. Landscape Absorption
 
16. Migration and Range Areas
 
17. Mineral Resources
 
18. Power Service - Electric
 
19. Fire Protection
 
20. Recreation Areas
 
21. Special Sites
 
22. Individual Waste Disposal System Suitability
 
23. Water Availability
 
Final output included land use suitability maps, optimal allocation maps,
 
statistical analysis, and maps of policy conformance areas.
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QOES] IONNAIl 	 Vc.niebe 1916 
COMPUTEF I N&I 	 t 
-I-_ACK__OuND 0 	 Organization th work was done for: ( ) U.S Bureau of Land lanoagemcnt'­
(Check One) ( ) U.S Forest Service 
_ooura__D_,______________ ( U.S Fish t Wildlife Service 
State Agency (Specify) ( ) Y.s Bureau of URc.mation 
B. Your Organization .Geography Dept. 	 ( ) Other Fedeat (Specify) 
C. Address Arizona State Univ.
 () County (Specify)
Tempo, Arizona 
Mx) City of Bolsefunicipality (Specify)
85281 
other 	(Specify)
 
II. Please indicate on the map below the approximate bourdaries E. Indicate the data or maps computerized.
 
of the computer composite napping activity (past or present)
 
of which you are aware. Please use one questionnaire per (x)So is (X)Land Use (X)Social
 
study. (X) Geology (X)Transportation (X) Economic
 
(M Vegetation (X)water ()OLher (Specify) _____ 
F. Indicate new data or maps created or composlted
 
(j) Optimal 	 Location ( ) Econoic Indicators 
(X) Constraints to Development ( ) Statistics 
Social Indicators (x) Other (Specify) 
pedestrLan indices, etc.
 
co 	 G. In what form were the data encoded?
 0'
 
( ) Cell 	 ( ) Point kA Polygon ( Tabular ( 3 Other 
H. What mop scale was used? 
( )5I'500,000 ( I?50,000 ( 3 I I,O0O.000 ) 1I 7Ir.o00 
Other 	 (specify) _________________________ 
I. that is the minimum area of the polygon or cell encoded?
 
00O 	 ()} One acre () 10 acres ( ) 4r0acres ) 640 acres 
( Other (specify) Census blocks 
III 	 Please provide the following information for the study J, Date work was initiated Sprang 1975
 
designated on the map- Date work was completed. January 1976
 
A Name of the study area Boise Project K. ,hat coimputer software was usei? COM110os/Fuis 
What computer hardware was used .. , IBM 37n?) NIVAC11 
8 Name of organization doing computer work Mountain Who owns the computer hardware? (0rqanizatlon) •h'T1-Zbtat-&Un. 
West Research, bIc. (Location) -- 'eMpe AriZona 
C. 	Ig or nizat n. (h Pt;: n ss;; deal;;ncy L. Other comments (attach information as desired)
 
a 1%li State Agency Municipality
 
County C) University 
Other (Please specify) IV. Please list or attach names and addresses of other indivlduais you think 
should receive this ouestionilalle. 
Please return this quostionrnare to. 	 Doug luctor, Federation of Rocky Mountain States
 
2idO West 26th Ave., Suite 3003, denver, CO 80211
 
IQUESlIOUNNA4E 
 DOconibcr 19/6 
COMPUTER IAPPIUC,
 
I. 	UACKLAOuNU 
 0. 	Organization the work was done for 
 ( ) U.S. Bureau of Land Managenent'-A. Your mamePaul M. Cunningham (Check One) CA )) S. Forest ServiceUU S. Fish 6 widlr(e Service
. Your Organization Bur.. of State P1X) 
 State Agency (Specify) ) O.S. Bureau of Reclamation 
C. 	Address -.. Ztn 'tvihni% 3 Bur. of St. Plaining ( ) Other Fedoral (Specify) 
Boise, Idaho 83720 	 ) County (Specify) 
Municipality (Specify)
.
 
Other (Specify)

Please indicate on te cp below theu 

oPesethe coute opsif omputer tco~pos, mapp g ahcdaproimate bounda este appin  tiv({y ("pastcDorup% ilre 

of which you are aware. 

st E. indicate the data or maps computerized­
study. Please use one questionnaire per I 	 Solis (y) Land Use ( Social
 
Geology 
 ( ) Transportation 
 C) 	EconomicVegetation (J ater o 
 m Other (Specify) 
_ 
Game Habitat
 
F. 	 Indicate new data or maps created or compostted. 
(M Oiptimal Location ) Economic Indicators(70 	 Constraints to Development ) Statistics 
()Social Indicators 
 ()Other (Specify)
 
G. 
In what form were the data encoded?
 
(A3Cofl ( ) Point ) Polygon ( Tabular C ) Other
 
H. 	what map Scale was used? 
( ) 1:500,000 ( l:250,000 ( ) Il,O00,oOO ( ) l-24,OOo 
00 Other (specify) 1:126,720 
I- What Is the minimum area of the po)yaon or cell encoded' 
Sn) One acre ( ) 10 acres ( ) 40 acres ) 40 acres 
(d Other (specify) 32 acresIll. Please provide the following information For the studydesignated on the map. 2. 	bate work was iniated No '74Date work was complated- Tov',s l7 
A. 	Hame of the 	study area. Ada County
B- narne Of organization doing computer work. DeptoOf 
K. 	 What computer software was jused)? CA II -
What computer hardware was used j'.e., IBM 3707) _BML 370/145Who 	owns the computer hardwarl (Orqanization) 
l i 9 Trlighn
 
Geography, U. of ID (Location)
 
C. eoforanlzaton () Private Business ( ) Federal AgencyC . eck one 	 L. Other eommuents (stach information as desired) see attached( ) State Agency ( ) 11unicipality
 
County X) University
Other (Please specify) 
 IV. Please list or attach names and addresses of other individuals you think
 
should receive this questionnaire.

Please return this questionnaire to: Moui
futter, Federation on Rocky soUnrotates 
24b0 West 26th Ave., Suite 3008, dent CO Soai NTTNCHMdNT 
Characteristics of Ada County Test Maps
 
The maps prepared in the Ada County test of CMS-II, the Composite Map­
ping System, are listed below and described individually on the pages which
 
follow. They are arranged in alphabetical order within each of the three
 
MS-II map categories: alphanumeric, numeric, and master maD.
 
In the Ada County test, alH maps were prepared at a scale of 1:126,720 
or 1 inch represents 2 miles. Thus each geographic "cell" corresponds to a 
32-acre rectangle represented on the computer by 1 printing position on the 
computer's line printer, and by 1 printed character on the computer printed 
maps. 
Alphanumeric maps use letters and numbers to represent real-world condi­
tions in each 3 -acre cell in Ada County. For example, the letter "A" rep­
resents "residential" on the map of land use. 
Numeric maps use only numbers to represent real-world conditions in Ada
 
County s32-acre cells. For example, "3"represents water table 10' - 25'
 
deep on the depth-to-water-table map.
 
Master maos are used to map various statistical data which are collected
 
for reporting units, such as U.S. Census data for census tracts in Ada Coun­
ty.
 
List of Ada County Test Maps 
ALPHANUMERIC NUMERIC MASTER 
1. .COMP-PLAN 1. AGRIC-SUIT-l 1. *ADA-TRKS 
2. .DEPTH-WATER 2. AGRIC-SUIT-2 
3. .FLD-PLAINS 3. BASEMENTS2 
4. .GAiMEHABITAT 4. BASMNTLIMITS 
5. .GEO-HAZ 5. ERODABILITY 
6. .LANDSTATUS 6. FLOOD-PLAINS 
7. .LANDUSE 7. GEOL-HAZARD 
8. .MINERALS 8. NON-BSMT-LIM 
9. .PLAN-HAZ-1 9. NUM-COM-LIM 
10. .PRIV-HAZ-1 10. NUM-COMP-LIM 
11. .RESIDHAZRDI 11. RES-POL-WTR 
12. .SOILS 12. ROAD-LIMITS 
13. .USE-HAZ-1 13. ROAD-SUIT 
14. SEPTICLIMITS 
15. SEW-LAG-LIM 
16. WATER-TABLE 
17. WTR-DEP-NUM 
MONTANA
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QUC5I ONNAIRL December I]6 
COIPUTER to f!h 
i U D(JuI)OUN D. 0,ign I/itlunok the wI w5s done I U 5 of lanagementto,. ) Buscin Land 
(Check One) (X) U.S. Fo e t ServiceA. Your Name R.- Thomas DuncaS ( ) U.S. Fish & Wildlife Service 
State Agency (Specify) ( ) U.S Bureau of Reclamation 
B. Your Organization Research & Info. Syst. Div. N Other Federal (Specify) 
National Park Service
C. Address Dept. of Community Affairs 

)County (Specify) 
_______________________ 
Capital Station
 ) lunicipality (Specify) 
____________________ 
Rlomn8 MT 'Q601 
I Other (Specify). 
If. Please indicate on the map below the approximate boundaries E. Indicate the data or maps computerized.

of the computer composite mapping act vity past or present)

of which you are aware Please use one questionnaire per ( ) Soils ( ) Land Use 
 ( ) Social 
studyGeology Transportation Economic 
Vegetation ( ) Water 9 Other (Specify) Grizzly 
Bear Locations
 
F. Indicate new data or maps created or composited 
Optimal Location ()Economic Indicators 
ConsLaints to Development ( ) Statistics 
Social Indicators ( Other (Specy) 
I _StGrizzly Bear Locations 
_U G. In what form were the data encoded? 
Cell $13Point ( ) Polygon ( ) Tabular ( ) Other 
H. What map scale was used?
 
1:500,000 ( ) 1 250,000 ( ) 11,000,000 C) I 24,000 
C9 Other (specify) 1:126,720 
I. What is the minimum area of the polygon or cell encoded?
 
One acre 10)acres ( ) 40 acres ( ) 640 acres 
_Other (specify)
 
Ill. Please provide the following information for the study J. Date work was initiated: Dec. 1976
C designated on the map Date work was completed. March 1977
 
A. Name of the study area Border Grizzly Pros. A ea K. What computer software was use'l MT. Geo. Data Syst. 
What computer hardware wasB. Name of organization doing computer work: RIS used li.e., IBM 7i) - 370 -Who owns the computer hardware? (Orqani7atJon) ta2te 
f(Location)
 
G. Tpe foOrqanzat on. Private Business (() Federal Agency L. Other comments (attach information as desired)
 
C cCounty ( ) University 
Other (Please specify) IV.Please list or attach names and addresses of other individuals you think 
should receive this cluest0oili,aile 
Please return this questionnaire to: Doug Mutter, Federation of Rocky Mountain States 
21iO West 26th Ave., Suite 3008, denver, CO 80211 
4i 
QUESTIONNAIRE 
 December 1976
 
COMPUTER 	 MAPPING 
1. 	BACKGROUND 
A. 	Your Name R. Thomas Dundas 

B. 	 Your Organization Research & Info. Syst. Div. 
C. 	Address Department of Community Affairs
 
Capital Station 
Helena, Montana 59601 
II. 	Please indicate on the map below the approximate boundaries 
of the computer composite mapping activity past or present)
of which you are aware. Please use one questionnaire per 

stdyBeology 

H 
Please provide the following information for the study

designated on the map 

A. 	Name of the study area. Montana 
B. 	 Name of organization doing computer work: RIB 
C. 	Type of organization ( ) Private Business ( ) Federal Agency

Lheck one (x) State Agency ) Municipality
 
County ( ) University
 
D. 	Organization the work was done for ( ) U.S. Bureau of Land Management 
(Check One) ( ) U S. Forest ServiceAaT U.S 
 Fish 	& Wildlife Service
 
State Agency (Specify) ( ) U.S Bureau of Reclamation 
Dept. of State Lands Other Federal (Specify) 
County (Specify)
 
) Mtlunicipality (Specify).
 
Other (Specify).
 
E. 	 Indicate the data or maps computerized 
( ) Soils ( ) Land Use C ) Social 
()Transportation C)Economic S r a e
Vegetation () Water (XQ Other (Specify) Surface/ 
Slihsirface Landownership 
F. 	Indicate new data or maps created or composited 
Optimal Location ( ')Economic Indicators 
Constraints to Development 	 ( ) StatiSLiCS 
Social 	Indicators XX) Other (Specify) 
Surface & Subsurface Land-
G. 	 Inwhat form were the data encoded? ownership Maps 
Cell ( ) Point ) Polygon 4 Tabular ( ) Other 
H. 	What map scale was used?
 
0 	 I 500,000 ( 
Other (specify) 
I. 	 What is the minimum 
( ) One acre ( ) 
(Z Other (specify) Legal 
J. 	Date work was initiated: 
Date work was completed: 
K. 	What computer software was 
1 250,000 QC) 1.1,000,000 ) 1-24,000 
.	 ..
 
area 	of the polygon or cell encoded? 
10 acres ( ) ho acres C) 640 acres 
What 	computer hardware was used (i.e., 
 IBM 370?) 
-2.7. 
Who owns the computer hardware? (0rqanization) Statep N Montana (Location) FIlI en A MT 
L. 	Other comments (at;ach information as desired)
 
Description 
ongoing 
use?_ 	 Mont. Gee-Data SySto 
Other (Please specify) 
 IV. Please list or attach names and addresses of other individuals you think
 
should 	 receive this questionnalre. 
Please return this questionnaire to: 	 Doug Mutter, Federation of Rocky Mountain States
 
2480 West 26th Ave., Suite 300B, den. CO 80211
 
QUESIIONNAIRE 	 Dcceinbr 1916 
__ 	__ __ _ __ _jC'0UPUTE ,I G
 
I IJAC961OUNU D. 	Olganization the work was done for: ( ) U.S Bureau of Land lanagenent 
-
A. 	 Your Name R. Thomas Dundas (Check One) ( ) U S Forest Service() U.S. Fish & Wildlife Service 
State 	Agency (Specify) ( ) U.S Bureau of ReclamationB. 	Your Organization Research &Info. Syst. Dvn. Other Federa' Spefy 
Water Oualit____Bureau/_ Other edelrgalScifyC. Address Dept. of Community Affairs aea Bueau 	 U.S. Geological Survey
) County (Specify)
 
Capital StationMunicipality (Specify)
o 	0 Helena, MT. 59601 
Other (Specify)
 
II. Please indicate on the map below the approximate boundarles E. Indicate the data or maps computerized
'" of the computer composite mapping activity past or present)
 
t of which you are aware Please use one questionnaire per 
 ( ) 	Soils ( ) Land Use ( ) Social 
Ocsud.Gology ()Transportation ()Economic
Vegetation tS Water C) Other (Specify)
 
Surface, Ground Water Wells
 
F. Indicate new data or maps created or composited
 
Optimal Location ( ) Economic Indicators 
Constraints to Development (9 StatisLics 
Social Indicators ( Other (Specify) 
WAnte Bmnpl -ocation Maps
 
G. In what form were the data encoded? Well Location Maps 
( ) Cell CX Point ( ) Polygon ( ) Tabular ( ) Other 
H. 	 What map scale was used? 
1:500,000 c) ( ) C ) I 211,0001.250,000 	 1:,00oO00 
Other (specify) 
__________________________ 
I. 	What is the minimum area of the polygon or cell encoded?
 
One 	acre ( ) I0 acres ( ) 110 acres 1);0 acres
 
6 	 Other (specify) Point Data 
Ill. 	 Please provide the following information for the study J. Date work was initiated: ongoing

designated on the map 
 Date work was completed
 
A. 	Name of the study area. Entire State K. 	What computer software was use? Mt. Geo-Data System 
B. Name of organization doing computer work 	 What computer hardware was used (i.e., IBM 370?) - 5/U -Research & Info. Who owns the computer hardware? (Orqani ation) 	 dStsne nf Montana 
System Div./DCA 	 (Location) U elna, MT 
C. 	Jype of oryanization. ( ) Private Business ( ) Federal Agency L. Other 	comments (attach information as desired)
Ibneck one) 
 State Agency ( ) Municipality
 
County ( ) University

Other (Please specify) 	 IV. Please 
list or attach names and addresses pf other individuals you think 
should receive this questionnaire
 
Please return this questionnaire to- Doug Mutter, Federation of Rocky Mountain States
 
24o0 West 26th Ave,, Suite 3008, denver, CO 80211
 
.I 
December 1916
QUESIIONNAIRE 

COMPUTER MIAPPING
 
UACKiOUNI) D. 	Organization the work was done for: ( U.S. Bureau of Land Management" 
(Check One) C) U.S Forest Service 
A. 	Your Name R- Thnnps Dind.l ( ) U.S. Fish , wildlife Service
 
State Agency (Specify) ( ) U.S Bureau of Reclamation
 
(X) Other redera (Specify)
B. Your Organization Research & Info. Syst. Div. 	 Olddiest Regioa l Cmcfm. 
C Address Dept. of Community Affairs 	 County (Specify) 
Capital Station 	 () lunicapality (Specify) 
Helena, MT 59601
 Other (Specify) ________________________ 
II, 
II. Please indicate on the map below the approximate boundaries E. Indicate the data or maps computerized 
of the computer composite mapping activity (past or present) 
of which you are aware. Please use one questionnaire per 0) Soils ( ) Land Use ( ) Social 
Gudyeology ( ) Transportation Economic 
(lVegetation ( ) Water Other (Specify) Wildlife 
F. Indicate new data or maps created 	or composited.
 
Optimal Location ( ) Economic Indicators 
Constraints Lo Development C) Statistics 
Social Indicators Other (Sped fy) 
Soil.' Veg. & Wildlife Maps 
G. In what form were the data encoded?
 
( Cell ( ) Point (X)Polygon ( ) Tabu)ar ( ) Other 
H. What map scale was used?
 
1:500,000 C) 1:250,000 ) 1,000,000 ) '24,000 
Other (specify) 1:126,720 & 1:48,000
 
I. What Is the minimum area of the polygon or cell encoded? 
One acre ( ) 10 acres C) 40 acres C) 640 acres 
Other 	(specify)
 
ill. 	 Please provide the following information for the study J. Date work was initiated. Dec. 1975 
designated on the map. Date work was completed. on o ng 
K. What computer soFtware was used? MT. Geo.-Data Syst.A. 	 Name of the study area Bntire State 

What computer hardware was used li.e,, IBM 37?) - 370 -

B. Name of organization doing computer work. R_8 Who owns the computer hardware? (Orqanization) State n Montana 
(Location) Helena, MT. 
C. 	Type of organizatLon: C) Private Business ( )Federal Agency L Other comments (attach information as desired)
 
dthCckone 94 State Agency ( ) MunicipalLty
 
County ( ) University
 
Other (Please specify) IV. Please list or attach names and addresses of ether individuals you thin,
 
should 	receive this questionnalie.
 
Pleasa return this questionnaire to; 	 Doug futter, Federation of Rocky Mount-in States
 
2460 West 26th Ave., Suite 300B, en e CO 80211
 
I 
QUESI IONNAIIIE 	 Occembai 19,16
 
OIPUTER 0
 
aACKGiOUJND 	 D. Organization the work was done for ( U.S. Bureau of Land $anagenicnt
 
(Check One) 	 ( U S roi-osc Service 
A. Your Name Doug Mutter 
I ( 	 C) u S. Fish, wIldlife Service State 	Agency (Specify) ( U S. Bureau or Racianlation 
B. Your Organization Federation of Rocky Mountain States 	 ( 1 Other Federal fSpecaiy)
Energy Plan. Dvn. 
2480 W. 26th Avenue - 50B
C. Address 

county (Specify)Denver, Colorado 80211 
Municipality (Specify)
 
O) Other (specify) for ERMS Landsat Pro)ect (NASA) 
It. Plas4e Indicate on tte map below the roxiuate boundaries E. Indicate the data or maps computerized,
 
of the computer coidposite mapping activi y pat'or present)
 
of whrch you are aware, Please use one questlornaire per ( ) Soils C't Land Use/ COVer ) SociaI
 
study. Geology C)Transportation C ) Economic 
..,vegetation ()water ~ XcOther (Specify)_____ 
Landsat 
F. Indicate new data or maps created or composited
 
Ogptimal Location 	 ) Economic Indicators 
Constraints to Development ) Statistrcs 
Social tndicators ) Other (Specify) 
up 	 G. In what form were the data encoded?
 
I 	 (%Cell ( ) Point ( ) Polygon ( Tabular ( ) Other 
H. What map scale was used?
 
1 500,000 ( ) 250,000 , i.,ooo,ooo (9 l:24,o 
Other 	(specify)
 
I. What is the minimum area of the polygon or cell encoded?
 
( ) one acre ( ) 10 acres ( ) 4O acres ( ) 61t0acres 
-X) Other (specify) 1.1 acre 
Ill. 	 Please provide the following information for the study J. Oate work was initiated; 197
 
designated on the map. Date work viescomplete,- +F-b_ _
 
A Name of the study area; Montana test sites 	 K. What computer software was LiSeil? LM4S 
What 	computer hardware was used Ib.C., IBM 370?) CD 64 
S. Name of organization doing computer work: Colorado State Who owns the computer hardware? (Orqlmzatn 
University 	 (Location) Ft. C1llins. CO 
C. ljPecf ornizatlon ) Private Business C) Federal Agency L. Other comments (attach information as desired 
tneck 	Ol)()State Agency ()Municipality___________________________________ 
County University 
Other (Please specify) IV, Please list or attach names and addresses of other individuals you think 
should receive this questionnaire 
Please return this questionnaire to: 	 Doug lutter, Federation of Rocky Ilountaln States
 
2GO West 26th Ave., Suite 300B, denver, GO 30211
 
QU[S] IONNAIRE 
Decembe 19V6
 
COMPUTER IIAPP IR 
1. UACKGIOuN) D. Organization the work was done for: ( ) U.S. Dutenu of Land Management
A. Your Name Dou2 Mutter (Check One) U S. Forest Service
ui
I 	 g SS. sOF~~(Fhsh , WI dl c faaeServiicea 
B. Your OrganizationB.Yu Ognzaincee()Feder tion of Rocky Mountain States State Agency (Specify))u () te FUe.drealo RecaionEnergy Plan.( on 
C. 	 Address 2480 IV.26th Avena - 300B
 
Denver, Colorado 80211 County (Specify)
 
Municipality (Specify).
 
C) Other (Specify) For FRMS Tandsqt Proect (NASA)
II. Please indicate on the map below 	 the aproximate boundaries E. Indicate the data or maps computerized.of the computer composite mapping activity past oi present)or which you are 	aware. Please use one questionnaire per

study. 	 SoIls Land Use/cover social
 
Geology C)Transportation ) Economic
 
Vegetation () Water other (Specify)
 
F. Indicate new data or maps created or composited.
 
Optimal 
Location 	 ( )-Economic Indicators
Constraints to Development 
 ( ) Statistics
 
Social Indicators 
 jC$ Other (Specify) 
Renlnmarion Feasibility 
G. 
In what /orm were the data encoded?
 
kj Cell ( ) Point ( ) Polygon ( ) Tabular ( ) Other 
H. What map 	scale was used? 
1500,000 	 ) 1:250,000 ( ) 11,000,000 (X) 1:24,000 
Other (specify),
 
I. What Is the minimum area of the polygon or cell encoded?
 
One acre ( 	) 10 acres ( 4) () 640 acres0 acres 

-
( ) Other (specify) I acre 
Ill. Please provide the following Information for the study J. Date work was initiated. 1975
 
designated on the map. 
 Date work was completed: 1976
 
A. Name of the study area. 
 Coistrip K. What computer software was used? in-house 
B. Name of organization doing computer work:_.Mon 	 What computer hardware was used (i.e.,:tanarnergy Who owns 	 IBM 370?) _ _the computer hardware? (Orqan 7ation) Fnp~y PIq vn 
Planning Division 	 (Location) Ilelen, MT. 
C. Type of organization: ( ) Private Business C) Federal Agency
.theck one L. Other comments (attach information as desired)
() State Agency ( ) Municipality
 
County ( ) University

Other (Please specify) 
 IV. Please list 
or attach names and addresses of other individuals you think
 
should receive this questionnaire.

Please return this questionnaire to: 
 Doug flutter, Federation of Rocky tIountain States 
2460 West 26th Ave., Suite 300B, l CO 80211 
QUESTIONNAIRE 
 December 1916
 
SC to .fir. _OPUTER 

I UACKG*OUND 
 D. 	Organization the work was done for ( ) U.S. Bureau of Land Management'-
A. Your Name Albert C, Tsao 	 (Check One) () S. Foiest Service
( ) UU S, Fish & Wildlife Service 
(0 State Agency (Specify) ( ) U S. Burcau of ReclamationB. 	Your Organization Energy Planning Division Energy Planning Division ( ) Other Federal (Specify) 
C. 	 Address Montana Dopartment of Natural Resources MontaCnnaDnpL .nLNatural Resa nrzu a._._ _
 
( ) County (Specify)
32 South Ewing Street 

Helena, Montana 59601 Municipality (Specify)
 
Other (Specify)
 
II. 	Please indicate on tie map below the approximate boundaries E. 	Indicate the data or maps computerized

of the computer composite mapping activity past or present)

of which you are aware. Please use one questionnaire per 
 (N Soils 00 Land Use ( ) Social 
1-:( (O Geology ()9 Transportation C) Economic )9Vegetation (P Water(2 Other (Specify) Slope,
 
Wildlife 
I 1A 	 F. Indl.-tLP new daEa or imps created at coiipos ILtd 
P 0 -	 ( ) Optimal Location ( ) Economic Indicators()0 Constraints to Development C ) Statistics 
C)Social Indicators C ) Other (Specify) 
G. 	In what form were the data encoded? 
()0 Cell ( ) Point C ) Polygon C ) Tabular ( ) Other 
H. 	What map scale was used?
 
I 500,000 ( ) I 250,000 C ) 1 1,000,000 ) 1 24,000 
C 4 Other (specify) 1" = 4 miles 
I. 	What is the minimum area of the polygon or cell encoded'
 
( ) One acre ( ) 10 acres ( ) 40 acres ( ) 640 acres 
.- Other 0.032 Sq. mile = 20.48 acres2k (specify) 

Ill. Please provide the following information for the study J. Date woik 
was 	 initiated Feb. 1976designated on the map. 
 Date work was completed~,,q 1e7i
 
A. 	 Name of the study area: Missoula-Hamilton-Anaconda K. What computer softuare was used? Energy Planning Division's own sw.161KV Study What computer haidware was used (i.e., IBM 370) EPDls own hardwr.B. Name of organization doing computer work ne. vy Plrg 'rn,.Dfm. 	 Who owns the 	 computer hardware? (rqanization) same as above 
Montana Dept. of Natural Resources (Location) I9 S- Pw-r St. 
1Th~nn Mt Q~,fC. 	Tyeof orranization C()Private Business (() Federal 
Agency L. Other comients (attach information as desired)
(eck one)( State Agency MIunicipalityCounty ()University 	 Se atahen 
C 	 A t'ihed info. for further explanation Of soft­ware and hfardware. not in-Other (Please specify) 	 IV Please list or attach names and addresses of other individuals you h'niicluded here 
should receive this questioinaile
 
Please return this questionnaire to: Doug Mutter, Federation of Rocky Mountain States
 
2460 West 26th Ave , Suite 300B, denver, CO 80211
 
tUt i IUNNAIRL December 1916 
COMPUTER IHAPP ING 
BACKGROUND D. 	Organization the work was done for: 
 ( ) 	U.S. Bureau of Land Management 
A. 	 Your Name Albert C. Tsao (Check One) ( ) U S. Forest ServiceAl) 	U.S. Fish & Wildlife Service
 
.neState A ency.(Speify). 
.	 ( ) U.S Bureau of ReclamationB. 	 Your Organization n Plsnning Division 	 nnergyPflan ingtUiViSiOn ( ) Other Federal (Specify) 
C. 	Address Montana Dept. of Natural Resources Montanm 
Dept. of Natural Resources 
32 S. Ewing St., Helena, MT 59601 ( M (County Specify)( ) llunicipality (Specify) 
_______________________ 
Other (Specify)
 
II. Please indicate on the map below 	 the approxiniate bourndaries E. 	Indicate the data or maps computerized

of the computer composite mapping activity past or present)

of which you are aware. Please use one questionnaire per 
 (9 	Sotls (X) Land Use ( I Socialstudy. 
 (A 	Geology (A Transportation E( conomic 
()0 Vegetation 09 Water ()d Other (Specify) Slope 
Wildlife 
F. 	 Indicate new data or maps created or composited 
Optimal Location Econoic Indicators 
()0Constraints to Development ( ) StatisLics 
Social Indicators ( ) Other (Specify) 
6. 	In what form were the data encoded? 
(:4Cell ( ) Point ( I Polygon ( ) Tabular ( ) Other 
H. 	What map scale was used?
 
1:500,000 ( ) 1:250,000 ( ) 1:l,000,000 ( ) 1:24,000 
0 Other (specify) P 4 miles & 1" = 8 miles 
I. What is the minimum area of the polygon or cell encoded?
 
( ) One acre ( ) 10 acres ( ) 10 acres ( ) 640 acres 
C) Other (specify) 1/25 sq. mile = 25.6 acres 
Ill. Please provide the following information for the study 	 J. Date work was initiated July J975designated on the map. 
 Date work was completed 
_Ian_ 1q76 
A. 	Name of the study area: Dillon-Clyde Park 161 KV Study K. What computer software was usel? Energy Planning Division's Own 
What computerB. Name of organization doing computer work 	 hardware was used (i.e., ltt 37n?)RnmpCs phn',e Sftwr.Energy Planning Who owns the computer hardware? (Orqanization) .Ime js above 
Division Montana Dept. of Natural Resources 	 (Location) 32 S. EWin St.Helena. MT 59601 
C. 	 Ieeofooranilzation ( ) Private Business ( ) Federal Agency L.
u-ieck onej 	 Other comments (attach inforpiation as desired) See attached informationk 	 State Agency ( ) Miunicipal ity for further explanation of software o hardtware(not included 
County ( ) University
Other (Please specify) IV. Please list or attach names and addresses of other individuals you think here) 
should receive this questionnare 
Please return this questionnaire to: 	 Doug Mutter, Federation of Rocky Mountain States
 
2480 West 26th Ave., Suite 300B, dena CO 80211
 
NEBRASKA
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SQUEST IO RE Decent 976 
COMPTR INi 
I BACKGROuND D Oc1ganization the work was done for ( ) U.S. Bureau of Land Management 
A. Your Name Richard 0. Hoffman (Check One) ( ) U.S Forest ServiceA rf ) U.S Fish ; Wildlife Service 
Department of Industrial ) state Agency (Specify) ( ) U S. Bureau of Reclamation2C B. Your Organization-a A4ff.na anJ S-ystems Engineering Nebr. Water Resource ( ) Other Federal (Specify) 
-0 C. Address University of Nebraska 

175 Nebraska Hall ( ) County (Specify)
 
±tnno- , Ne-bra-s-6858 
 c) Municipality (Specify) 
C) Other (Specify) 
11II Please indicate on the map below the approxinate boundaries 
 E. Indicate the data or maps computerized.

of the computer composite mapping activity past or present)

of which you are aware Please use one questionnaire per (X) Soils (X) Land Use ( ) Social
 
study. 
 Geology ( ) Transportation (X)Economic
 
Vegetation (x Water ( ) Other (Specify) 
____
 
F. Indicate new data or maps created or composiLed
 
(Hi) Optirial Location ( ) Economic Indicators 
Constraints to Development C ) Statistics 
Social Indicators ( ) Other (Specify) 
G In what form were the data encoded?
 
(X) Cell C) Point C) Polygon C) Tabular ( ) Other 
H. What map scale was used?
 
1.500,000 ( ) 1'250,000 ( ) l:1,OOO,OO C) 1 24,000 
Other (specify) 160 acres/sq.inch
 
I. What is the minimum area of the polygon or cell encoded? 
One acre ( ) I0acres ( ) 40 acres ( ) 640 acres 
Other (specify) 2.67 acres
 
11. Please provide the following information for the study 
 J. Date work was Initiated: 7-75 
designated on the map 
 Date work was completed: lrnown
 
A. Name of the study area! Nebraska K What computer software was used? 
 CMS-II 
What computer hardware was used (i.e., IBM 37(?) IBM 360/65B. Name of organization doing computer work. 
Department- of Who owns the computer hardware? (0rqanization) TTnid nf Nebr 
Industrial & Management Systems Engineering (Location) TInndln, Nebr 
C. Tgype of oranization. ( ) Private Business ( ) Federal Agency L. Other comments (attach information as desired) none
tCheck one) I) State Agency ( ) Municipality 
County ( ) University
Other (Please specify) IV. Please 
list or attach names and addresses of other individuals you think 
should receive this questionnaile. 
Please return this questionnaire to. Doug Mutter, Federation of Rocky liotntain States 
2460 West 26th Ave., Suite 300B, denver, CO 80211
 
NEVADA
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_______________ 
I 
QULJIIUIUIjiA IKLlibLL 1/
-.	 0COMPUTE4 P I N G 
BA\CKGROuU D. Organization the work was done for 
 ( ) U S. Bureau 	of Land Management
A. Your 	 Name R. Walters (Check One) 	 (A ) U.S, Foicst ServiceU S. Fish 	& Wildlife Service 
. Your Organization CO State Agency (Specify) ( ) 	U S. Bureau of Rdcclaniatlon 
Other Federal (Specify) 
C. 	 Address Agriculture Building
 
Embarcadero at Mission,,' ( ) County (Specify) Regional Planning Commission
 
San Francisco, CA 94107 	 ( ) Nunicipalty (Specify)
 
() Other (Specify)
 
II. Please indicate on the mop below the approximate boundaries E. Indicate the data or maps computerized:

of the computer composi te mapping acttvity past or present)
fwhich you are aware. Please use one quesLionnaire per 	 ) Soils (X)Land Usestudy. C) Social
 
2dj) Geology ( ) Transportation C ) Economic
 
)&x) Vegetation 6X) Water C)Other (Specify)_±pga±y 
Wildllife 
F. indicate new data or maps created or composited.
 
Optinmal Location 	 C) Economic Indicators(X CConstragnts to Development QC)Statistics 
Social Indicators C) Other 	(Specify) 
General__PlanJ.'208'
G. In what form were the data encoded? Related Analysis 
( ) Cell ( ) 	 Point C) Polygon ( ) Tabular () Other 
H. What map scale was used?
 
1.500,000 ( ) 1:250,000 ( ) 1:1,000,000 *3 1:24,000 
Other (specify)
 
I. What is the 	minimum area of the polygon or cell encoded?
 
jy One acre ( ) 10 acres C) 40 	acres ) 640 acres 
Other (specify)
 
Ill. Please provide the following Information for the study 
 J. Date work was initiated: 1975designated on 	the map. 
 Date work 	was completed: ung-on--
A. Name of the study area. WASHOE CO K. What computer software was used? COMPISKWhat computer 	 hardware was used? I:e. MP30?T.G C0 
B. Name of organization doing computer work. COMARC 
 What computer hardware was used-(i.e.,
Who owns 	 the computer IBM 37M7) D.G. C300hardware? 	 (0rqanization) rOnMAP(. 
(Location) San Francisco 
ofoOrganization. 4x)C. hTYpe 	 Private Business () Federal Agency L. Other 	comments (attach information as desired)
leck one) State Agency C)Municipality
 
County ( ) University

Other (Please specify) 
 IV. Please list 	or attach names and addresses of other individuals you think 
%hnuld receive this qiiestionnalie. 
Please return this questionnaire to: Doug Mutter, Fedeation of Rocky Iountan StaLes 
2460 West 26th 	Ave., Suite 3008, denver, CO 80211
 
NEW MEXI CO
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I 
QUESTIONNAIRE December 	 1916
.CIONPUTER 	 tNotr 
BACKGROUND D. 	 Organization the work was done for ( ) U S. bureau of Land Management' 
(Check One) ( ) U S Forest ServiceA. 	 Your Name Dr. Harold A. MacKay ( ) U.S Fish & Wildlife Service 
State Agency (Specify) ( ) U S Bureau of ReclamationB. 	 Your Organization New Mexico State Heritage Program ( ) Other Federal (Specfy) 
C. 	 Address 117 Jefferson St. )County (Specify) 
_______________________ 
Santa Fe, New Mexico
 
8lunicipality (Specify)
87501
 
(x) Other (Specify) in-house 	program for (eventually) NM Game 
Pleae indicate on tilenap below Lil idand Fish Dopartment
ajOppli obo 	 theO Plee n ltC ]ound1 1gE 	 Indicate data or mips COriputeil IMzethe coilIpu tel coiiipos iI IIaI@p c LV lIa p-0 -pjruseRc)
 
of which you are aware. Please use one questionnaire per (X) Soils ( ) Land Use ( ) Social
 
$Ludy. 	 (X)Geology ( ) Transportation ( ) Economic
 
t 1119 
(X)Vegetation ( ) Water (X) Other (Spclfy)ndange ed, 
Threatened Flora-Fauna
 
F. 	 Indicate new data or maps created or composited' 
( 	 Optimal Location ( ) Economic Indicators 
Constraints to Development ()statistics
Social Indicators 	 (X) Other (Speci fy)
 
Species, plants, plant
 
G. 	 In what form were the data encoded?co mnte, t. 
( ) Cell (2d Point ( ) Polygon ( ) Tabular ( ) Other 
H. 	What map scale was used?
 
-' 	 (7)1.500,000 ( ) 1 250,000 ( ) 11,000,000 ( ) I 24,00O
 
(y Other (specify) County Maps. Quads Larger Scales
 
I. 	What is the minimum area of the polygon or cell encoded?
 
One 	acre ( ) 10 acres ( ) 40 acres ) 640 acres 
Other (specify).
 
Ill. 	 Please provide the following information for the study J. Date work was initiated: 5 January 176 
designated on the map. Date 	work was completed
 
A. 	Flame of the study area New Mexico K. What computer software was used? 
B. 	Name of organization doing computer work Nature What computer hardware was used I0.e., DLr376? & car comp plotter 
Who 	owns tile computer hardware? (Oroan,~ h1i" State 2jjgLgway 
(Location)Conservancy (NM State Heritage) 
C. 	 Type of organization (X) Private Business ( ) Federal Agency L. Other comments (attach information as desired)
ttheck onej ( ) State Agency ( ) Municipality
 
County C) University 
Other (Please specify) IV.Please list or attach names and addresses of other individuals you think
 
should receive this questionnaire
 
Please return this questionnaire to. Doug Mutter, Federation of Rocky lowntaln States
 
2460 West 26th Ave., Suite 300B, denver, CO 8021]
 
I4 
0 
QUESi IONNAIRE lccember 19)16 
COMPUTER lAPPING 
I. 	 UACKGROuND D. 	Organization the work was done for: ) U S. Bureau of Land Managenment'-
A. 	 Your Name Mjjce TnIis (Check One)e T 	 ( ) U.S. Forest Service( ) 	U S. Fish r,Wildlife Service 
B. 	 Your Organization Technology Application Center (Specffy)State Agency Mns()OhrFd of C~~~~~USBureau) OthrFeeah9 oR(Seclamaty)ecm  
Bureau of MinesC. 	 Address Univ. of New Mexico ()County (Specify) 
_________________________ 
Cun ty (Specify)
Albuquerque, New Mexico 

Municipality (Specify)
87131 

I ) Other (Specify) for FRMS Landsat Prolect (NASA)
II. Please indicate on the map below 	the approximate boundaries 
 E. 	Indicate the data or maps computerized:

of the computer composite mapping activity (past or present)

of which you are aware. Please use one questionnaire per 
 ( ) 	Soils X Land Use/COver ( ) Socialstudy. 
 ( ) 	Geology ( ) Transportation ( ) Economic 
Vegetation ()Water kiOther (Specify) TLandsat 
F. 	Indicate new data or maps created or composited:
 
Optimal Location 	 ) Vconomic Indicators 
Constraints to Development ) Statistics 
Social Indicators C) Other (Specify) 
G. 	In what form were the data encoded?
 
MC4Cell ( ) Point C) Polygon ( ) Tabular ( ) Other 
H. 	What map scale was used?
 
1:500,000 ( ) 1:250,000 ( ) I1,000,000 (X) 1.24,000 
Other (specify)
 
I. 	What Is the minimum area of the polygon or cell encoded?
 
( ) One acre ( ) 10 acres ( ) 40 acres C) 640 acres 
(K)Other (specify) 1.1 acre
 
Il. Please provide the following Information for the study 
 J. 	 Date work was Initiated: 1975designated on the map. 
 Date work was completed. 1976 
A. 	 Name of the study area: New Mexico test sites K. What compute r software was used? LMSB. 	 Name of organization doing computer work: Colorado What computer hardware was used (i ,e., IBM 370?) CDC 6400
 
Who owns the computer hardware? (Orqani ation) ('nip St.Uniy.
State University 	 (Location) Ft. Collins. CO 
C. peof organization ( ) Private Business ( )Federal Agency L. 	Other conments (attach information as desired)
neck one ( ) State Agency ( ) Municipality
 
County *)0 University

Other (Please specify) 
 IV. Please list or attach names and addresses of other individuals you think 
should receive this questionnaire. 
Please 	return this questionnaire to, Doug Mutter, Federation of Rocky unhn States
 
2480 West 26th Ave., Suite 3008, deni CO 80211
11w 
0 
1 
QUESI IONNAIAtE December 19/6 
COMPUTrR tic, 
UACK6gOuNu D. 	 Organization the work was done -for: ( ) U.S Bureau of Land Management'-
A. Your Name Alfred L. Parker 	 (Check One) () U S Forest ServiceA) 	 U S. Fish & Wildlife Service 
State Agency (Specify) C) U S. Bureau of ReclamationB. 	 Your Organization 11niv. of New Mexico ( ) 	Other Federal (Specify) 
C. 	 Address Depnirtment of Economics 
County (Specify)
 
University of New Mexico
 
~H Albuquerque, New Mexico 87111 ( ) Other (Specify) 
It. Please indicate on the map below the a roximate boundaries E. Indicate the data or maps computerized 	 ElevationW ldlife
of 	the computer composite mapping activity past or present) 

of which you are aware. Please use one questionnaire per 	 ( ) Soils (y Land Use ( ) Social Recreation 
study.( Geology ( ) Transportation ) Economic 
(4 	Vegetation P9 water Other (Speci f)~andOwnership 
F. 	 Indicate new data or maps created or composited 
Optimal Location ( ) Economic Indicators 
Constraints to Development ( ) Statistics 
Social Indicators 	 ( ) Other (Specify) 
-n 	 G. In what form were the data encoded? 
1 	 Cell ( ) Point ( ) Polygon ( ) Tabular ( ) Other 
N. 	 What map scale was used? 
1.500,000 1C250,000 ( ) l:,000,000 1)24,000 
Other (specify) 
I. 	 What is the minimum area of the polygon or cell encoded? 
( ) One acre ( ) 10 acres ( ) 40 acres () 640 acres 
-- -Other (specify) 125 acres 
III. 	 Please provide the following information for the study J. Date work was initiated. 3/76

designated on\the map. 
 Date 	work was completed 1/77
 
A. 	 Name of the study area: Northwestern N.M. K. What computer software was usel?_ 
B Name of organization doing compute, work: Los Alamos What computer hardware was used (i.e., IBM 370?) CDWho 	owns 
the 	computer hardware? (Organization)
 
Scientific Lab & Univ. of N.M. 	 (Location) Los Alamos, NM 
C 	 Type of organization ( ) Private Business 
 (X) Federal Agency L. Other comments (attach information as desired)
(Check one) ( ) State Agency ()Municipality
 
County ( ) University
Other (Please specify) 	 IV.Please list or attach names and addresses of other individuals you think 
should receive this questionnaire 
Please return this questionnaire to. Doug Mutter, Federation or Rocky -1ountainStates 
2460 	 West 26th Ave., Suite 300B, denver, CO 80211 ATTACHMENTS 
I ---I I . December 19,/6
COMPUTER IAPP ItiI 
1. BACKGROUND 

0. OrganizatIon the work was done for:
A. Your Name ( ) U S. Bureau or Land ManagementMike Tnrlis (Check One) ) U.S Forest Service
 
B. Your Organization Technology Application U.S Fish & Wildlife ServiceCenterB. Youre Organiz t on- enology~Bureau t] State Agency (Specify) ( ) U.S Bureau of ReclamationT t of Mines ( Other Federal (Specify)C. Address 4 oiil Men'r'na-- Mi.. AnLNe' 

A_]lj2LLq UPre Mexico 
 County (Specify)
 
87131 Municipality (Specify) 
S) Other (Specify) For ERMS Landsat Project (NASA)I1. Please indicate on the map below the approximate boundariesof the computer composite mapping activity kpast or present)

of which you are aware Indicate the data or maps computerized.
study. 
 Please use one questionnaire per fu SoilIs k) Land Use ()Social
sy 
( )Geology C ) TransportationVegetation i Water Oc) Economic0) Other (Specify) Slope 
F. Indicate new data 
or maps created or composited
 
Optimal Location 
 ( ) Economic IndicatorsQ Constraints to Development 
 C) Statistics 
Social Indicators Other (Specify) 
O 
 G. In what form were the data encoded?
 
C Cell ( ) Point ( ) Polygon ( ) Tabular ( ) Other 
H. What map scale was used?
 
1:500,000 ( ) 1:250,000 1 1,000,000 (X) 1:24,000 
Other (specify)
 
I. What is the minimum area of the polygon or cell 
encoded?
 
( ) One acre ( ) l0 acres ( ) 40 acres 
 C ) 640 acres
 
-) Other (specify) 1.1 acre
Ill. Please provide the following information for the study 
 J. Date work was Initiated: June 1975
designated on 
the map. 

A. Name of the study, area Santa Fe K 
Date work was completed Sept 76 
K. \Ihat computer software was use'Ie G-ap~s 
B. Name of organization doing computer work What computer hardwareLos Alamos was used (I.e., IBM 37?)Who owns the computer hardware? CDC 6600Orqanizaton) TAS., 
Scientific Lab 
C. 
(Location) ToS AEyos N.Mype of orqanization: C) Private Business t) Federal AgencyCe k ne ( )State L. Other comments (attach Information as desired)Agency ( ) MunicipalityC,) County ( ) University
Other (Please specify) 
 IV. Please list 
or attach names and addresses of other individuals you think
 
should receive this questionnaire.
Please return this questionnaire to: 
 Doug Nutter, Federation of Rocky iountain States
 
2430 West 26th Ave., Suite 300B, deny 
 80211
 
.1 
TABLE 1
 
ENVIROefETITAL DATA BASE NORTHWESTERN NEW MEXICO
 
Map 5-Character Computer 
Number Map Name Name for File 
1 Lion, Weasles, Turkeys, Aberts Squirrel, WLIF1
 
Barbary Sheep
 
2 Black Bear, Beaver, Quail, Fox, Racoon, WLIF2
 
Ringtail
 
3 Elk, Antelope WLIF3
 
4 Elevat2on ELEVS
 
5 Vegetazion Type VEGET
 
6 Precipitation PRECI
 
7 Land Use and Topography USTOP
 
8 Forest Service. Recreation Sites FSREC
 
9 Land Status (Ownership) OWNER
 
O11MqPAL PA9E16T 
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FIGURE 1
 
MAP OF THE FISH AND WILDLIFE STUDY AREA
 
I I 
,r--%J
 
Circled area indicates area included in the Fish and 11ildlife Study.
 
Shaded area indicates area included in the computer mapping phase of the
 
study at this time.
 
108 

QUEST]OttciA RE 
EPIR t S6 
S. UAtKbitOulU C. Organization the work was done for. ) U.S. bureau oF Lard Management 
(Check One) I U.S. Forest Service 
A. 	 Your Name nflyd Vpn St'eC) U S. Fish 9 L dIile Service 
State Agency (Specify) U.S. Bureau of Rcclamation 
9. Your Organize tionElr-?Onment Consultants, Inc. 	 P) Other Federal Specify)co n y (p c f iNation_ 	 l P r ,o v cC. Address 720 Ki]linlg, Suite .12 

Lakewood, CO 80215 	 ) County (Specify)() 	 unicipality (Speciry) 
( 3 Other (Specify) 
It 	Please indicate on the map below the aproximace boundaries E, lndicate the data or mops computerized­
of tile coleptor composite mapping activity Ipast or present)
 
or which you are aaare Please use one questionnaire per (4 Solis ()0 Land Use s
Social 
Study.(2 Geology DO Iransportatmon ( ) Economic 
(20 Vegetation PZ9 Water ()I other (Spci;FY)_____ 
wildlife 
F. 	Indicate new oiaps
data or created or composited.
 
(A Optilal LoCation ( ) Economic Indicators 
(24Constraints to Developnient C)StaltistmCs
Social indimcators 	 (24 Other (specify) 
0 	 G. In what form were the data encoded?
 
M 	 ell ( ) Point ('! Polygon ( ) Tabular C 3 Other 
H. 	What Map scale was used?
 
I 500,000 ( ) I 250,000 1 i,1,000,000 Q) 1!24,000 
) Other (specify) . 
I. What is the minimum area of tilepolygon or ce)l encoded? 
O4) One acre ( ) IO acres ( )o acres ) 4O acres 
other (specify)________________________ 
III. 	 Please provide the follaing information for the study J. Date work Was initiated: Ju e 1976
 
designated on the map. Date work was copleted Ajigusil 2j..
 
A. 	 Name of the study area. Sanidelier Nat'l NonUrscut K. What computer softwore was used? GMAPS (Fortrian) 
Wh a t c o mp uist r h rd wre wa s use d ( . . , I n lo3sO? C D C ( 6 6 0 
H. Name of organization doing computer work Los Alanos Scientific Who owns the computer hardwore? (rqaniration) Los itmos et, Labs, 
(location)as Consultant)
Laboratories (via Dr, Keith 	Turner 

C. 	 ln e~z fo yaniz otion . Private Business Federal Agency L, Other coniments attach information as de~m e ) _ _ _ _ _ _ _ _ _ _ _ _ 
County ( I University 
Other (Please specify) IV. Please list or attach names and addresses of other individuals you think 
slul( receive tliS (LCS tlomiinoirfc 
Please return this questionnaire to. 	 Dou lutter, Federation of Rocky llouncain Scates
 
2h4O West 26th Ave., Suite 3000, uanver, CO 802I
 
NORTH DAKOTA
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QUCSI ONNAIRIL 
 Decceibor 19/6
 
__COMPUTER 
 t NO 

UACKGIIOUND 0. Organization the work was done for C) U.S. Bureau of Land Management'-
A. Your Name Dr. A.W, Johnson 	 (Check One) C) U S. Forest Service
 
A U S. Fish & Wildlife Service 
B Your' Organization. N.D. - RE AP (X) State Agency (Specify) ( ) U S. Bureau of Reclamation )OteFdra(Scfy
 
_____________________Other Federal (Specify)
 
C. Address 
-l St*t'qtr 
County (Specify)
Bismarck, N.D. 58501 

Municipality (Specify)
 
iii 	 ( ) Other (Specify) 
1 1. Please indicate 	on 
the map below the A" roximate boundaiies E. Indicate the data or maps computerized
of the computer composite mapping activity (past or present)

of which you are aware Please use one questionnaire per 	 ( ) Soils (X) LandyQM Cover ( ) Social 
study. 
 ) 	 Geology ( )Transportation ( ) Economic 
Vegetation () Water ( ) Other (Specify) 
F. Indicate new data or iiaps created or composited
53 county maps, one state map

Optimal Location C) Economic Indicators 
Constraints to Development ( ) Statistics 
Social Indicators 	 (X) Other (Specify)
 
lnrl rcnver nf entire state. 
-'G 
 o. 	 In what form were the data encoded?
 
itO Cell ( ) Point ( ) Polygon ( ) Tabular ( ) Other 
H. What map scale was used?
 
.ior state map
1:500,0017 ( ) 1:250,000 ( ) l:l,O000,oo0 ) I24,000 
() Other (specify) 1:126,720 for each cdunty 
I. What is the minimum area of the polygon or cell encoded? 
t) One acre ( ) 10 acres () 40 acres C) 640 acres 
Other (specify)
 
Ill. Please provide 	 the following information for the study J. Date work was initiated. May 1976designated on the map 
 Date work was completed: .Tn. 1977 
A. Name of the study area State of N.D. K. What computer software was use17 Bendix/State of N.D. 
What computer haldware was used I,.e., IBnl 3In?) DEL/IBMII Name of organization doing computer work: N.D. REAP 	 Who owns the computer hardwaie? (Orqaniation) endix 
(Location) Ann 	Arbor, Mich.
 
C. tNe of organization ( ) Private Business ( ) Federal Agency L. Other comments (attach information as desired)aCheckone) 00 	 State Agency ( ) Municipality
 
County ( ) University

Other (Please specify) 	 IV. Please list 
or attach names and addresses of other individuals you think 
should receive this questionnai re 
Please return this questionnaire to: Doug Mutter, Federation of Rocky Mountain States 
24O West 26th Ave., Suite 300B, denver, CO 80211 
REAP Land Cover Analysis Map Series
 
One of the mandates of the North Dakota Regional Environmental Assessment
 
Program (REAP) enabling legislation, passed by the 1975 Legislature and
 
signed into law by the Governor on April 10 on that year, was to establish and
 
carty on " . . . research in regard to North Dakota's resources . . ." In
 
order to implement this mandate, REAP is undertaking four major tasks, one of
 
which is baseline data acquisition (i.e., knowledge of existing conditions).
 
The North Dakota Land Cover Analysis Map Series, a product of REAP, establishes
 
a necessary baseline of information regarding current land use to assist
 
decisionmakers and from which to monitor changes.
 
The desirability of REAP possessing the land cover analysis capability was
 
one of the conclusions of the Technical Task Force study of baseline data needs,
 
conducted during the latter part of 1975. REAP's "board of directors," the
 
Resources Research Committee, acted on the recommendation and gave priority to
 
a land cover analysis for the entire state.
 
The use of satellite imagery was chosen as the best method for obtaining
 
the inventory of land cover. The imagery was collected primarily from the
 
LANDSAT-II satellite, launched in January 1975, which circles Earth once every
 
103 minutes in a near polar path at an altitude of 570 miles. Because of the
 
path, the satellite passes over a given location in North Dakota at the same
 
local time once every 18 days. Each path is about 60 miles farther west than
 
the previous path 103 minutes earlier.
 
Reflected light from the surface of Earth is received by the satellite
 
and four different bands of light are recorded, digitized and sent to a NASA
 
receiving station. Each scene recorded by the satellite includes the 1.1 acre
 
cells present in an area 115 miles wide by 115 miles long. North Dakota is
 
therefore covered completely by 19 such scenes. REAP contracted with the
 
Bendix Corporation for computer processing of the 19 scenes.
 
Known key areas on the ground, at least 10 acres in size, were selected
 
as being representative of specific categories of land cover, such as fallow
 
land. These key areas are called "training sets," and the reflectance of a
 
given set is used to program the computer to identify all areas having the
 
same or similar reflectance properties as being of that particular category.
 
The imagery was geographically registered (corrected) by relating it to
 
approximately 100 features on USGS topographic maps.
 
Each county has been mapped at a scale of two miles to the inch and these
 
maps have been merged to produce a state map at a scale of about eight miles
 
to the inch. The maps represent the dominant land cover type, as determined
 
through computer processing of the satellite imagery, for each 1.1 acres.
 
Dominant land cover types have been assigned colors.
 
Inaddition to the maps, REAP has all the data on digital tapes. This
 
feature allows the data to be used for composite mapping.
 
The North Dakota Land Cover Analysis Map Series will be a useful tool
 
in the decisionmaking process. In addition to providing a baseline against
 
which to monitor changes in land use, it will be useful in determining
 
locations for industrial development projects and transmission lines and
 
pipelines. As with all REAP services, however, possible uses of the LCA
 
Map Series are limited only by the needs and imaginations of users.
 
October 1976
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QUEST IONNAIRE Oeceber 19/6 
, COMPUTER t IND 
I ACKGROUN D Organization the work was done for. ( ) U.S Bureau of Land Management' 
(Check one) 	 U S. Forest ServiceA. Your Name Lou Ogaard ) U.S Fish & Wildlife Service 
State Agency (Specify) ( ) U S Bureau of ReclamationB. Your Organization Dept. of Agricultural Economics (X)Other Federal (Specify) 
C. Address North Dakota State University 	 EPA 
ND 58102: Fargo, 	 (C)County (Specify)
~viFargo, 	 N 80
 
()Municipality (Specify)
 
()Other (Specify)
 
II. Please indicate on the map below 
the aproximate boundaries E. Indicate the data or maps computerized

. of the computer composite mapping activity past or present)
 
17 of which you are aware Please use one questionnaire per (9 Soils ( ) Land Use ( ) Social4 study. ( ) Geology ( ) Transportation C ) Economic 
09 Vegetation ( ) Water ( ) Other (Specify) 
F. Indicate new data or maps created 	or composited
 
*,d Optimal Location 	 ) Economic Indicators
Constraints to Development ) Statistics 
[) Socral Indicators )Other (Specify) 
F 
 G. In what form were the data encoded?
 
¢o 	 Cell (2 Point ( ) Polygon ( Tabular ( ) Other 
H. What map scale was used?
 
) ):500,000 ( ) 1.250,000 ( ) 1 1,000,000 ( ) 1:24,000 
( Other (specify) Half inch to the mile 
I. What is the minimum area of the polygon or cell encoded?
 
( ) One acre ( ) 10 acres ( ) 40 acres C) 640 acres 
(>IOther (specify) no minimum
 
Ill. Please provide the following information for the study 
 J. Date work was initiated 6/73designated on the map 
 Date work was completed;_ 
_ __
 
A. Nam eore of' th....renetr Mngmn 
A. Name of the study area Resource Inventory Management K. What computer software was use'? Resource Inventory Management Syst.Analysis ystem 	 What computer hardwarecp(INrAwo 
 was used (i.e., IBM 370?) IBM 360 ,RIMS)B Name of organization doing computer work Who owns the computer hardware? (Orqanization) North Dakota St. 
North Dakota State University 	 (Location) Fargo. ND
 
C. Tye of organization. ( ) Private Business ( ) Federal Agency L. Other comments (attach information as 	desired)
ICheck 	 ( State Agencytic) 	 ( ) lunicipality 
County XY) University

Other (Please specify) 
 IV. Please list or attach names and addresses of other individuals you think
 
should receive this questionnaire
 
Please 	return this questionnaire to: Doug Mutter, Federation of Rocky lountain States
 
2 bO West 26th Ave., Suite 300B, denver, CO 80211
 
4
11 
CO'PUTE i:4?PlNr
 
I,,CK-J -%U D. Organization the work tias done for. C ) U.S. B.rcau of Lard izrage rt 
hame D. (Check One) (ChecU One ( ) U Forst Sor ,ceA. YGir Roland Mower .e niCe()U.S Flsn & J.IdlJfa Service 
K) State Agency (Specify) ( ) U S Bureau of Ptclatationt. Your OrganizationlUniversity of North Dakota Institute for ( Other federal (Specify) 
C. Address Remote Sensing (UNDIRS) UNDIRS 
University of North Dakota County (Specify) 
Grand Forks, North Dakota 58202 unicipality (Specify) 
(701) 777-4246 ( ) Ocher (Specify)_ s bs :Lo-)
11. P!ease ineICatL on the map beloi the asoroxirante bounda-tas E. Indicate the data or m, ps computerized: 
of tr'eco ,pu:cr co-posilo mapping activity (past or present)

0 .hich you are aware. Please se one questioinaire per ( ) Soils 
 101 lane Use ) Social 
G ( ) Transportatiorn ) Economiceology 

Vegetation C )Water ) Other (Specify) 
Existing land use 
F.- Indicate no.. data or nvps created or composited. 
Optimal Location ( ) Economic IndgcarorsCoistrr,nts to Devclopment (. Statistics 
Social Indicators(-) Otter (Specil) 
Bxistin2 land use 
4H 
 G. In what form were the data encoded? 
() Cell ( ) Point ( ) Polygon ( ) Tabular ( ) Otner
 
H. What rap scale was use,'?
 
( ) .so0, 00 l.o.ooo ( ) I:.ooo.o00 1.24.000 
( ) Other (specify)---

-
I. Whlat is the minimum area of the polygon or cell cecoded? 
() One acre ( ) }0 ocres ( ) 40 acres ) 40 acres 
( ) Other (specify) (1.1 acres) 
II. PI;ase provide the fol~oing inforrcition for the study J. Date work was initiatd Jul 1975
cesignatcd on t.hc mp Oute worK was corntlct :_c_ - 1977 
. ,o'eof te stt.dy atea: Devils Ltce Drainage Basin, N.D. K. What ccnputcer software was used_?_ 
_R" 
awhat computer hardware was usi.d Ii.e. :Lm 3 17) M-DASS. Hane of organization idaing ccmputer work: Berdix Corp. Who o.ns thd computer hardware? (o-ganiza tion) r.p ), 
_ 
Aerospace Systems Division (iotatoe) 
Oryaizaion. Private ( FederalC. lie ck one (4 Business ) A3ancy L. Other co.-imnts (attach information as des:reo)Cy~ ofk ry State Agency (5Municipallty
 
( ) Cou'ty I ) Univzrs,ty
5 Other (Please specify) IV. Please list or attach nareas and addresses of other individuals you th nk
 
..h ¢lereceive this quest'oniair.
 
Please return tis qceSticainaire to; Uojg utter. Fcdziratio, of Rocty ioL.ictaln Stzte
 
2430 West 26th Ave., Suite4 3000 . CO-021
 
CO PU, ER 	
­ - -_. 

___­
v ,tA+L+<OuNJ2 
 0. OrmnL..IjLon the ork wja done for. ( ) U.S burc.,u cf t,1-d P.J1 LrtrcfE 
rid .	 (Ce ,
. D .D rf 	 9l ) o) U S Forest Ser,ceU S. Fish & Wildlife Service 
Cc) State Agency (S)ec.t/) ( 	) U.S. Eurea- of LcIaat.Ono S. vor Organizat,on U Liv - :LtY 2f '1orLi Dakota Institute for L ) Other Fadcral (Specify) 
C. Address S-ote (ULDIRS) 	 D Se:s n&, ( County (Specify) 
_____________________ 
II'ri "' 'af llorthl T)J" 
Grand Forks, Nort.n Datcua municipality (Speclfy) 
u3 
-77 --;27I Othtr (Specify) r".-/t7 /'Y Cz&' f w
 
I!. Please ind.c- 0 the rup bal the alpDrimate bourJares .Iuerzed.
 
of .bi; E. tidCaL the data or;7aps cnutei~.Eooic____
0.4~:+7: <jtE7-2Tbudrof tr: c-pu:er co-,pos.te I-appjn 3 activit, tp.t or p-esant)O f .h ,¢ o .,ar ,a~ , PNea s eu s eon e q es t onna re pe r 
 ( ) So l s X } L q d us , ( ) soc al 
stu , 
 ( Geology ()T-ansdortar.ion ( Ecoio-.,c
 
_____________________________Vegetation ()W~ster CIOther (Specify) 
_____ 
F. Indicate new data or ':mpscreated or Ccarposited 
Optinul Location C ) Economic Indicators 
Constraints to Deve'openr C I Statistics 
I Social Indicators C ) Other (Spcc~fy) 
Exyiqtin land use (1972) 
GH
.La°	 In what form were the data encoded?
 
I) Cal l ) Point ( Polygon C) Tabular ( I Other 
H. Xhat mzrp scale was used?
 
___(__) 1.5O0,00 MC) l:1o,too ( )I1 l,OooOOO ) 1 24,030
 
( Other (specify)
 
I. What is the mninci area of the polygon or cell ercoed? 
OC Ono acre C ) 1O acres ( 1 40 acres 6 4 £ 0 acres
 
( Other (so.:cnfv) CiA acres)
 
1L1. Pleae provide the follo,,1ng lnforrat,c-n tor the study J. Date work was ,nitlatec jtl 1975
 
cesagrated on the TZp 
 Date werk was coMP'cI.,d ___,t4,,1-
A. Name of t-e study area: DevLIs Lake and Lake Irine, N.D. . Woat comp,.tcr sofc.are , used? Genel Electric
8. hae of orgazator doing cput 	 Bcat WhGeera used ni.e., t2-- 17n?) . tOt 100(corouter Pardiaere was 

,,,:General Electric
u 	 nccrpuscr - l.___
Who r'n, th * hrdiaer? (0rq rzptncn) .1 V 

F I \Space Appicl-satIon) 	 ,r'l11, 1 
c. Type of organzaco,. @1 Pritcte 5us'ness C) Federal AgencyCneCk onej 	 L. Other c.-r~entc (attach Information as desired)( ) State Agency ( I Xun:cipality 
I CouIty ( I University
( Other (Please specify) IV. Please list or attach n-'rs ad .ddresses of other Indivicua:s you tn,rl. 
iho.A.1 raceive this qustiorn ire. 
PI,,.nc rctan, tis qth tVo, 	tuer drat"n of RtF."l Stt0s
 
2Z.3o Wcac 2feth Ave., Suite 3003, aen'.ar,. CO 80211
 
_________________________________ 
I 
QUrSi IONNAIrRE December 19/6 
COMPUTER tAPP IG 
UACKGROUND 
D. Organization the work was done for: ( ) U S. Bureau of Land Manageient 
A. Your Name Steve H. Murdock 	 (Check One) ( ) U S Forest Service A N uUS. Fish & Wildlife Service
 
B. Your Organization Dept. of Sociology (0 State Agency (Specify) C ) U S Bureau ofReclamation 
Other Federal (Specify)
C. Address North Daktani-m Stnt l nlrrsity 	 ND RegonalEnvi.-ronmental Assessment irogram 
tig~ao.North Dakoa 58102 	 County (Specify)
 
Municipality (Specify)
 
Other (Specify)

II. Please indicate on the map below tile aproximate boundaries E. Indicate the data or maps computerized.
of the computer composite mapping act'Ivity past or present)of which you are aware. Please use one questionnaire per soils Land Use SocialStudy. Geology C ) Transportation ( Economic 
Vegetation ( ) Water ( ) Other (Specify)_ 
F. Indicate 
new data or maps created or composited
 
Optimal Location (00 Economic IndicatorsConstraints to Development C) Statistics 
P9 Social Indicators ( ) Other (Specify) 
Ha'G. 
In what form were the data encoded?
 
o Cell ( ) Point ( ) Polygon ( ) Tabular ( Other
 
H. What map scale was used?
 
1500,000 ( I 250,000 1.1.000,000 C ) 124,000 
k) Other (specify) 1:86,500 
I What is the minimum area of the polygon or cell encoded?
 
One acre ( ) 10 acres C) 40 acres ( ) 640 acres 
A Other (specify) 2145 
III. Please provide the following information for the study J. Date work was initiated: Nov. 1976 
designated on the map Date work was completed: angnin3c
A. Name of the study area. Stateof North Dakota K. What computer software was used' CMS II
B Name of organization doing computer work Computer Center 
 What computer hardware was used (P.e., IBM 370?) IBM760/50
Who owns the computer hardware? (Orqanilation) h ntanPNpz state U. 
North Dakota State University 	 (Location) N__atgo. No.L 
C Tye ofoorranilzation. () Private Business () Federal Agency L. Other

eLlCk One) comments (attach information as desired)
State Agency Mlunicipality 

County X4 University

Other (Please specify) IV. Please list 
or attach names and addresses or other individuals you think 
should receive this questionnaire 
Please return this questionnaire to: Doug Ilutter, Federation of Rocky 0tiunin States 
W0 West 26th Ave.,2413 Suite 3000, den C0 80211Wes n01
 
OREGON
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D. 	 0:ganization the work was done for: C) U.S. Buieau of Land llanagemunt 
(Check One) 	 C) U.S. Foo.pt ServiceA. Your Nome Jack Dangermond ( ) U.S. Fish & Wildlife Service 
Environmental Systems C) State Agency (Specify) ( ) U.S. Bureau of Reclamation 
B. 	 Your Organization Research Institute reon Dept. of Transpor- ( Other rederal (Specfy) 
tation, Highway Division
 C Address 380 New York Street 

( ) County (Specify)
Redlands, California 

92373 	 C)Municipality (Specify) 
Other (Specify) 
ii 
11. Please indicate on the map below the approximate boundaries E. Indicate the data or maps computerized:

of the computer composite mapping activity (past or present)

of which you are aware. Please use one questionnaire per () Soils (X) Land Use C) Social
 
study. 
 Geology (X)Transportation ) Economic 
Vegetation ( ) Water (Y) Other (Specify) Unstable 
Land, Environmental Sensitivity, Agraculturalf7St-bil 
Recreation Suitability, Conservation Suitability, 
Preservation Suitability
F. indicaite new data or maps created or composi ted. 
Optimal Location 	 [ conoimic Indicators()0 	LonsLrants to Development ) Statl tlc 
Social Indicators ) Other (Specify) 
G. In tAhat form were the data encoded? 
1(10 	 Cell ( ) Point C) Polygon C Tabular ()Other 
H. 	What map scale was used?
 
1 500,000 C)1:250,000 ( 1:i,000,000 CX) 1 .2r1, 000 
Other (specify)
 
1. 	What is the minimum area of the polygon or cell encoded? 
One 	acre (: 10 acres ( ) 40 acres ( ) 61,0acres 
Other (specify) 
Ill. 	 Please provide the following information for the study J. DaLe work was initiated; January, 1974 
designated on the map Date work was 	 completed' October. 19 
A. Name of the study area: Willamette 	River Greenway K. What computer sorwtare was usel? (RTT)
B. 	 Name of organization doing computer work: ESRI What computer hardware was used (i .e., Iui 17n?) 360 MODEL 50 
B.N__orazooigcmptrwrkS Who owns the computer hardware? (OrqaniationjUniversity O .alirorn, 
(LUCa 	 Li I ) 1RxvErsi hlGaii _tfor iia 
L. 	 lJfleof oreanization: ()o Private Business C ) Federal Agency L. Other cohliments (attach Inermtlon as desi red) T S Ar 
ic y eState Agency ) unicipality 5.7 suiare miles of area along t TateYLve '. 
County C) University
Other 	 (Please specify) IV. Please list or attach names and addresses or other individuails you thInk 
should receive thil luestionnaire. 
Please return 	this questionnaire to: Doug lutter, Fedeation of Rocky tiountain States 
2460 	West 26th Ave., Suite 3000, denver, CO 80211
 
SOUTH DAKOTA
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OUCSI ONIMIRE 	 Oecembe r 19/6 
COMIPUTER or
 
UACKROUNU D Organization the work was done fort 	 ( ) U.S. 8ureau of Land Management'. 
A. 	Your NameR.L. Hansen (Check One) C) U S. foreL Service 
( A US Fish & Wildlife Service 
State Agency (Specify) X) U S Bureau of Reclamation 
B, Your OrsarzationU.S. Bureteau of Reclamation C ) Other Federal (Specify) 
C. Address Bldg. 56, P.O. Box 25007	 2ounty (Specify) ________________________ 
Denver Federal Center
 tiuoicipauety (Specify _______________________ 
Denver, Colorado 80225
 Other (Specl fy)_________________________
 
It. Please indicate on the map below the approximate bourdaries E. Indicate the data or maps computerized:
of the Computer composite mapp Ing activity (past or preseit) 
oF which you are aware. Please use one questionnaire per ) Solis )9 Land Use () social 
study. ) eology () Transportation () Economic 
()dVegetation P9Water ()Other (Specify)_____ 
F, Indicate new data or maps created or ecmposited
 
Optimal Location 	 )Economic Indicators 
constraints to Development ) tatistics 
Social Indicators C Other (Specit'y) 
G. In what form were the data encoded?
 
P9 Cell ( ) Point ( ) Polygon C Tabular Othero t 

H What map scale was used? 
( sOoOOo ( 1 250,000 ) ,oo0,ooo &k 1.24.000 
Other (specify)___________________
 
I. What is the minlimum area of the polygon or cell encoded?
 
1)j One acre ( ) 10 acres ( hO acres C ) 640 acres 
( ) Other (specify). 
1I1, Please piovde tie following information for the study J. Date wolk was initiated. 1974S de i-jnated on the map. Date work was coGmpieted.-' 9/ 
A. Name of the study area: James 	 qiVer K. What computer software was used? CMS IIT 
0dName 	 of orgailzaton doing computer vork< Remote Sens gat computer hardware was used i.., Ia 3?O) CDC 
Sensonr Who owns the computer hardware? (organ zationBaraaUfRecjj t1oTt 
E7. 	 and Engineering Physics Section (Loation)
 
C fornzton Private Business () ederal Agency L. Other orments (attach information as desTred)
ek e() State Agency ( ) municipality 
County ( 2 University 
Other (Please specify) IV. Please list or attach names and addresses of other individu ls you Lhink 
should receive this qoestioni aire 
Please return this questionnaire to 	 Doug hotter. Federation oftRocky IMoutain States
 
2460 West 26th Ave., Suite 300B, derver. CO 80211
 
I 
QUS1IONNAIRE 
 December 1916
 
COMPUTER IAPPING
 
BACKGROUND 
 D. 	Oiganization the work was done for 
 ( ) U S. Bureau of Land Management' 
(Check One) C) U.S. Forest ServiceA. 	Your Name PnI A Tpccmr 
 ( ) U S. Fish & Wildlrfe Service
 
State Agency (Specify) ( ) U.S. Bureau of ReclamationB. 	Your Organization SD State Planning Bureau ( ) 	Other Federal (Specify) 
C. 	Address Pla n i ng Tn fnrmm tlonC 
Carnegie Library 	 un ty (Specify)
Pierre, SD 57501 	 )Mncplt Seiy
 
(x) Other (Specify) 
 Tribal Government
 
II. Please indicate on the map below the aEpoximate boundaries 
 E. Indicate the data or maps computerized

of 	the computer composite mapping activity past or present)

of which you are aware. Please use one questionnaire per ( ) Soils ( ) Land Use ( ) Social
study. 
 ( ) 	 Geology ( ) Transportation ( ) Economic 
Vegetation (x)Water ( ) Other (Specify) 
Surface water inventory from 
digital Landsat data. 
F. 	 Indicate new data or naps created or composited 
Optimal Location 	 () Economic Indicators 
Constraints to Development ( ) Statistics 
Social Indicators 	 ( ) Other (Specify) 
H G. In what form were the data encoded? 
( 	Cell ( ) Point ( ) Polygon ( ) Tabular ( ) Other 
H. 	What map scale was used?
 
1 500,000 ( ) 1:250,000 ( ) 1:1,000,000 C ) 1:24,000 
*) Other (specify) 1:125,000 on highway basemap 
1. 	 What is the minimum area of the polygon or cell encoded? 
(U 	One acre ( ) 10 acres C ) 40 acres C ) 640 acres 
( ) Other (specify).
 
111. Please provide the following information for the study 
 J. 	Date work was initiated. 1/1/76designated on the map. 
 Date work was completed 1/1/76
 
A. 	Name of the study area: Cheyenne River Reservation K. What computer software was usel? Landsat Imagery Analysis Package 
B. 	Name of organization doing computer work: Land Resource What computer hardware was usedo owns 	 .. I, DII 370?) IBM 370/145 (LIMAP)th  	compute  hardware? (Orqaniation) 
 of 	 Sf HDiv. 
Information Systems, SD State Planning 
 (Location) Vermillion. SD
 
C. 	Ipecoforyanization ( ) Private Business () 	Federal Agency L. Other comments (attach information as desired).
wieck one ()0State Agency C)Municipality 
_______________________________ 
County C) University
Other (Please specify) 
 IV. Please list or attach names and addresses of other individuals you think
 
should receive this questionnaire 
Please return this questionnaire to. Doug Mutter, Federation of Rocky ountain States 
2480 West 26th Ave., Suite 300B, deo CO 80211
 
S 	 QUbLSbIIONNA IRL Oec nibel 19/6 COMPUTER NllC 	 M , 
I. UACKGROUNU 
 D 	 Organization the work was done for ( ) U S. Bureau of Land Management 
(Check One)A. 	 Your Name Paul A. Tessar ( ) U S Forest Service) U S. Fish & Wildlife Service 
(X) State Agency (Specify) ( ) U S Bureau of ReclamationB 	 Your Organization SD State Planning Bureau Env. Other Federal (specify)
 
C. 	Address Planning Information
 S()County (Specify) ______________________ 
Carnegie Library
 
Pierre, SD 57501 ( ) Municipality (Specify)
 
(x0 	 Other (Specify) Substate Planning Districts I, III, IV, V 
II. 	Please indicate on the map below the approximate boundaries 
 E. 	Indicate the data or maps computerized

of the computer composite mapping activity (past or present) 
 from
 
of which you are aware. Please use one questionnaire per 	 (d Soils ) Land useLandsat ( ) Social
 
study 
 Geology ( ) Transportation ( ) Economic 
t~Vegetation ()Water @9Other (specify)SlOpe 
F. 	Indicate new data or maps created or composited
 
Optimal Location ( ) Economic Indicators 
c y Constraints to Development C) Statistics 
Social Indicators ( Other (Specify) 
$Sptic Suitability
 
G. 	Inwhat form were the data encoded? Soil Erodibility 
00 Cell ( ) Point ( ) Polygon C ) Tabular ( ) Other 
H. 	What map scale was used?
 
1500,000 ( ) 1.250,000 ( ) 1:1.000,000 l224,OOO 
Other (specify) 

.
 
I. What is the minimum area of the polygon or cell encoded ?
 
9) 	One acre ( ) 10 acres ( ) 40 acres C) 640 acres 
( ) 	other (specify).
 
Ill. Please provide the following information for the study 
 J. 	Date work was initiated- 1/1/77
designated on the map. 
 Date work was completed 7/1/M
 
A. 	Name of the study area 10 separate drainage basins 
 K. What computer software was used? Landsat Imagery Analysis Package
 
B. 	Name of organization doing computer work What computer hardware was used (i.e., IBM 370?) IBM 370/145 (LIMAP)Land Resource Who owns 
the 	computer hardware? (Orqani7ation) lint,1.
Of SD 
Information Syst., SD State Planning (Location) _VJe jlion.SD 
C. 	Tfye ofooryanization' ( ) Private Business () Fedeial Agency L. 	Other comments (attach information as desired)

auhecli 	 State Agency
oej 
 Municipality 
____________________________________ 
County ( ) UniversityOther (Please specify) 	 IV. Please list 
or attach names and addresses of other individuals you think
 
should receive thils question11aire. 
Please return this questionnaire to: Doug Mutter, Federation of Rocky Mountain States 
24 60 West 26th Ave., Suite 300B, denver, CO 80211 
,I 
QUESTIONNAIRE 	 December 1916
 
COMPUTER MAPPING 
1. 	8ACKGROUNO D. Organization the work was done for ) U S. Bureau or Land Management
Your Name Paul A- TeCgaP (.(check One) () U S. Foest Service( ) U.S. Fish t Wildlife Service 
State Agency (Specify) ( ) U.S Bureau of ReclamationB. 	 Your Organization S.D. State Planning Bureau ( ) 	Other Federal (Specify) 
C. 	 Address P1lfnnln Information 
Carnegie Library 	 County (Specify)
 
IMunicipality (Specify)
P 	erre: Sq.D. 57501 (27Other (Specify) Substate Planning District (#II) for a 208 
II. Please indicate on the map below 	 the approximate boundaries E. Indicate the data or maps computerized:of the computer composite mapping activity kpast or present)

of which you are aware. Please use one questlionnaire per ( ) Soils 0) Land Use 
 Social 
Geology ( ) Transportation Economic(4 Slope 
(9Vegetation ()Water ( Other (Specify)
_____ 
septic suitability, soil
 
erod.bi'ity for two off G.Co.
F. 	 Indicate new data or maps created or composited 
Optimal Location 	 ( ) Economic Indicators
Ij 	Constraints to Development (0 Statistics 
Social Indicators ( 	 Other (Specify)
 
G. 	Inwhat form were the data encoded?
 
fc) 	 Cell ( ) Point ( ) Polygon C) Tabular C) Other 
H. 	What map scale was used?
 
I 500,000 ( ) 1.250,000 ( ) 1:1,000,000 (') I 24,000 
) Other (specify) 1:48.000 
I. 	What is the minimum area of the polygon or cell encoded?
 
source 
F One acre ( ) 10 acres ( ) 40 acres ( ) 640 acres 
C) Other (specify) aggregated to -- 4.5 acre cells 
Il. Please provide the following information for the study J. 	Date work was initiated' 1/1/77
designated on the map. 
 Date work was completed 417 
A. 	 Name of the study area. South Eastern Council of Govern. K. 	What computer software was usel? Landsat Imagery Analysis PackageB 	 Name of organization doing computer work: Land Resource What computer hardware was used 0.e., IBM 37n?) IBM 370/145 (LIMAP)Who owns the computer hardware? (0rqanization).u..v nP SD 
Information System, SD State Planning (Location) Vermillion, SD 
C. ye of orani za tLion ( ) Private Business ) Federal Agencyn 	 L. Other comments (atqach information as desired)kChe 
 (4 	 State Agency ( ) Municipality
 
County ( ) University
Other (Please specify) 	 IV. Please list 
or 	attach names and addresses of other individuals you think
 
should receive this questionnaire 
Please return this questionnaire to. 	 Doug Mutter, Federation of Rocky Tiuntain States 
24 0 West 26th Ave., Suite 300B, dene*CO 80211 
______ 
QDCS1 1gNNAIRL Dcct'nsbei 19/6 
C'OiPUTrR M1 R 
I UACKGROuND D Oiganization the work was done for ( ) U S. Burenu of Land Management'
A Your Name Paul A. Tessar (Check One) ( ) U S. Forest Service ( U.S. Fish & Wildlife Service 
( State Agency (Specify) ( ) U S. Bureau of Reclamation 
13 	 Your Organization S.D. State Planning Bureau S.P.B. ( ) 	Other Federal (Specfy) 
F C Address Pln r11nng TNf rmntion )Carnegie Library 4 County (Specify) Minnehaha & Lincoln Co.'s 
()) Municipality (Specify) Sioux Falls, Baltic
 
SPierre SD. 57501 
 Other (Specify) South Eastern Council of Governments 
II. Please indicate on the map below the approximate boundaries E. Indicate the data or maps computerized
C) 	 of the computer composite mapping activity (pastor present)

of which you are aware Please use one questionnaire per (M Soils ()9 Land Use C) Social
 
study. 
 (-9 Geology ( ) Transportation ( ) Economic
 
()0 Vegetation DO Water £c>1 Other (Specify) flood plains,
 
impoundment suitability, etc.
 
F. Indicate new data or maps created or composited slope, elevation 
() 	Optimal Location ) Econoiic Indicators 
Constraints to Development C Statistics 
Social Indicators ( ) Other (Specify) 
G. In what form were the data encoded?
 
tK) 	 Cell ( ) Point ( ) Polygon ( ) Tabular ( ) Other 
H. 	What map scale was used?
 
1-500,000 ( ) 1:250,000 ( ) I 1,000,000 QK) I 24,000 
(± 	 Other (specify) 1:62,500 
I What is the 	minimum area of the polygon or cell encoded? 
( ) One acre 	 "f 10 acres ( ) 4O acres ( ) 640 acres 
-C) 	 Other (specify) Land use, slope at one acre 
Ill. Please provide the following information for the study 	 J. Date work was initiated 8/1/75
designated on the map. Date work was completed 6/i/76 
A. 	Name of the study area Minnehaha & Lincoln Co.'s K What computer software was use,1?Landsat Imagery Analysis Package
What computer hardware was used (i.e., IB 37n?) IBM 370/145 ILIMAP)B. 	 Name of organization doing computer work: Land Resource Who 	owns the computer hardware? (Organtzation) [1. oF S 
Tnfonmagtion Systems, S.D. State Planning 	 (Location) Vermlflon, S.D. 
C. yepe of oranization: ( ) Private Business )Fedcal Agency L Other comments (attach information as desired)ek ne (09 State Agency ) lunicipality 
County ( ) University
Other (Please specify) 	 IV. Please list or attach names and addresses of other individuals you think 
should receive this questionnaire. 
Please return this questionnaire to: Doug Mutter, Federation of Rocky Mountain States 
2480 West 26th 	Ave., Suite 300B, denver, CO 80211
 
-- 
4 
QUESI ONNAIRE 	 December 1916 
COMPUTER IIAPPING
 
1. 	 UACK6ROuN D. 	Organization the work was done for: ) U S. Bureau or Land Management'
A. 	Your Name Paul A. Teaer (Check One) () S. Forest Service
( ) UU S. Fish & Wildlife Service
 
B 	 Your OrganizatonS.D. State Planning Bureau8~~~~~~~ ~ ~ gBra~Yor)gnztoSD SaePai (XR State Agency (Specify) ( ) U S. Bureau of Reclamation ~ Other Federal (Specify)
 
a State Planning 
()d County (Specify) Baseline info. for all counties. 
C. 	 Address P nninu Tnfprm .in I 
..Ja, e eTibrnry 
( ) Municipality (Specify)
Pi ere: S.D. 57501 
(X) 	 Other (Specify) S.D. Dept, of Env. Protection Planning &HI. Please indicate on the map below the aproximate boundaries 
 E. Indicate the data or maps computerized. Development Districts
of the computer composite mapping actilVi ty-past or present)

of which you are aware. Please use one questionnaire per ( ) Soils (o 
Land Use ( ) Socialstudy. 
 ( ) 	Geology ( ) Transportation ( ) Economic 
Vegetation ( ) Water ( ) Other (Specify)
 
F. 	Indicate new data or maps created or composited
 
Optimal Location 	 ( ) Economic IndicatorsConstraints to Development C) Statlstics 
Social Indicators 99 	 Other (Speci fy) 
H, Level II Land Use
 
Ln 
 G. In what form were the data encoded?
 
Io Digital Landsat data on CCT's
 
U1 	Cell/ ( ) Point ( ) Polygon ( ) Tabular ( ) Other 
H. 	What map scale was used?
 
1:500,000 ( ) 1:250,000 ) I1 1,000,000 ) P24,000 
*) 	Other (specify) 1:48,000 and 1:62,500
 
I. 	What is the minimum area of the polygon or cell encoded?
 
One acre ( ) 10 acres ) 0 acres ( ) 61o acres 
( ) Other (specify)
 
Ill. Please provide the following information for the study 
 J. 	Date work was initiated 7/1/75designated on the map. 
 Date work was completed /]77 
A. Name of the study area. State of South Dakota K. What computer software was used? Landsat Imagery Analysis Package 
B, 	 Name of organization doing computer work: What computer hardware was usedLand Resources Who owns 	 (i.e., IBM 370?) IBM 370/145 (LIMAP)the 	computer hardware? (Oranization)_uJ ofl S.D% 
Information System, SD State Planning 
 (Location) Vermillion. S.D.
 
C. 	Type of oranization. ( ) Privtte Business ( ) Federal Agency L. 	Other comments (attach information as desired)
tCneck one" 
 State Agency ( ) Municipality
 
County C ) University
Other (Please specify) 	 IV. Please list 
or attach names and addresses of other individuals you think
 
should receive th is quest Ioina ire
 
Please return this questionnaire to. Doug Mutter, Federation of Rocky Mount States
 
02tbO 
 West 26th Ave., Suite 300B, Oen# CO 80211
 
QUES1 IONNAI RL I)oceml 'r 19,16 
6COPUTER ,iO rO 	 e 
I. BACKGROUND D. Organization the work was done for. ( ) U 5. Bureau of Land tlanagement' 
(Check One) 	 C ) U S Forest ServiceA Your Name Paul A. Tessar ) U S. Fish & Wildlife Service 
(X) State Agency (Specify) C) U.S
B. Your Organization SD State Planning Bureau{)OteFdra 	 Bureau of ReclamationSeiy
SPB 	 )OhrFdrl(pc y
Planning Information C. 	Address 

( ) County (Specify)
 
D oC 	 i L ST)ibraryeS7 I Municipality (Specify)
 
IdPierre 
 Rf 7S01 	 ( ) Other (Specify) 
II. Please indicate on the 	map below the arox,mniae boundaries 
 E. Indicate the data or maps computerized.

of the computer composi te mapping actJv ty past or present)

o ~of which you 	 are aware. Please use one questionnaire per ( ) Soils ( ) Land Use 4)9 Social

study. Geology (X) Transportation (Y) Economic ( ) Vegetation ( ) Water (y Other (Specify)agricultural, 
recreational
 
F. Indicate new data or maps created or composited
 
Optimal Location (X) Economic Indicators
 
Constiaints to Development (x Statistics
k-) Social Indicators ( ) Other (Specify)
 
H-

ON 	 G. In what form were the data encoded? 
Ic 	 ( ) Cell ( ) Point ( ) Polygon c35Tabular ( ) Other 
H. What map scale was used?
 
1 500,000 ( ) 1.250,000 	 ( ) I 1,000,000 C) I 24,000 
( 9 Other (specify) -'I1:5,000,000 
I. What is the minimum area 	of the polygon or cell encoded?
 
( ) One acre ( ) 10 acres ( ) 4o acres ) 640 acres 
(i) Other (specify) County 
Ill. Please piovide the following information for the study 	 J. Date woik was initiated 7/1/75

designated on the map Date work was completed i/il /7f; 
A. Name of the study area: State of South Dakota K. 	 What computer software was use'l? SPB database system 
What computer hardware was used (i.e., IBM 370?)IBM 370/140B. Name of organization doing computer work Planning Infor- Who owns the computer hardware? (0rqanizatjon);|hjv, nf SD 
mation Section, SD State Planning (Location) l -
C Typeoforanization. ( ) Private Business ( ) Federal Agency L. 	Other comments (attach information as desired) Over 3,000 variables bytieck one (06 State Agency ( ) Municipality county in database. 200 or 300 variv±es are mapped in:SD 
County ( ) University Facts a state statistiLcal abstract. 
Other (Please specify) IV. Please-T or attach names and addresses of other individuals you think 
should receive this lquestionnaire 
Please return this questionnaire to. Uoug Mutter, Federation of Rocky tMourntain Slates 
2480 West 26th Ave., Suite 3001, denver, CO 80211
 
I 
4U IIu-11411 I KW UCIAUIII±I 19/6
-	.COMIPUTER * ItNG.Ip 
UACKGNOuN D. 	 Ciganization the work was done for: ( ) 	 U S. Bureau of Land Management
A. Your Name R, Walters 	 (Check One) ( ) U S. Forest Service(U.S. 
 Fish 	& Wildlife Service
 
B. 	Your Organization COARC 
 YI 	 State Agency (Specify) C ) U S. Bureau of Reclamation( ) 	 Other Federal (Specify) 
C. 	 Address Agrliculture Buildin ,
 
Embarcadero at Mission , ( ) County (Speci fy)
 
San Francisco, CA 94107 C) unicipality (Specify)
 
(X)C Ot her (Specify) TOSCO 
II. Please indicate on 	 the map below the aproxuiate boundaries E. Indicate 	the data or maps computerized.
of 	the computer composite mapping activity past or present)
of which you 	are aware, Please use one questLionnalre per 
 ( ) Soils C) Land Use ( ) Social
 
std.Geology 
 ()Tranbportotion C)Economic
Vegetation ( ) Water 
 Cx) 	Other (Specify)
 
Topography
 
F. 	Indicate new data or maps created or composited.
 
Optimal Location ) Economic Indicators ()) Constraints to Development ) StatisticsSocial Indicators 	 ) Other (Specify) 
F-, 
O 
 G. 	In what form were the data encoded?
 
C) Cell t Point C) Polygon () Tabular C) Other
 
H. 	What map scale was used?
 
1:500,000 ( ) 1:250,000 ) I'l,o00,OO C ) 1.24,000 
Other (specify) 1:6,000 
I. What is the minimum area of 	the polygon or cell encoded?
 
C) One acre ( ) 10 acres ( ) 40 acres () 640 acres 
Other (specify) 5 Contours 
Ill. Please provide the following information for the study J. Date work was initialed: 1976
 
designated on the map. 
 Date work was 	completed: --- I70
 
A. 	Name of the study area: Sand Wash Project K. What computer software was use?, COMPIS 
What computer hardware was uscd (i.e., IBM 310?) D. G. C3O0B. 	Name of organization doing computer work: COMARC Who owns the computer hardware? 	 (Orqaniation) rIMARC. 
(Location) ,qn FrnC, sqo 
oforganization:
C. hType {(Private Business C) Federal Agency L. 	Other comments (attach Information as desired)
(Cek 	 one) State Agency ()Municipality 
County ( ) University
Other (Please specify) 	 IV.Please list or attach names and addresses of other Individuals you think 
slould receive this questlonnahe,
Please return this questionnoire to: 	 Uouy Mutter Fodeiation of rocky Mountain Staes
 
2460 West 26th Ave., Suite 300D, denver, CO 80211
 
QUESTIONNAIREI 
 December 1976
 COMPUTER MAPPING 
1ACKLOUND 
D. 	Organization the work was done for: 
 ( 	 U.S. Bureau of Land ManagementA. 	 Your Name Larry Wegkamp/by Robert Scott (Check One) ( U.S. Forest Service 
U S. Fiish & Wildlife ServiceB. 	 Your Organization Utah B. Your OrganizatinuUtahRStateaUnivState Univ. (C)State Agency (Specify) ) U.S. Bureau of Reclamation 
Utah Div. Parks & Rec. C Other Federal (Specify)C. 	 Address Logan, Utah 
84322 County (Specify)
 
()Municipality (Specify)
 
Other 	(Specify).

HI. Please indicate on 
the 	map below the aproximate boundaries 
 E. 	Indicate the data or maps computerized:

of 	the computer composite mapping activity (past or present)

of which you are aware. Please use one questionnaire per 
 (X) soils 
 (X) Land Use () social
 
sX) Geology 
 (X) Transportation 
 (X) Economic
 
(X) Vegetation C) Water 
 (x) Other (Specify)
 
21 	data variables including
 
O . '°. 	 F. Indicate new data or maps created or composited.
. odels	 wllf 
(X) Optimal Location 18 activit C ) Economic Indicators
 
CX) 	 Constraints to Developrnentl5 Env'. C)statisticsSocial Indicators Impact Models( ) Other (Specify) 
G. 
In what form were the data encoded?
 
°D 	 Cell (l ) Point () Polygon C) Tabular ) Other 
H. 	What map scale was used?
 
C)1:500,000 C)1:250,000 ()1:1,000,000 Cc 1.24,000
 
Other 	(specify)
 
I. What is the minimum area of the polygon or cell 
encoded?
 
( ) One acre ( ) 10 acres ( ) 40 acres ( ) 640 acres 
(3 	Other (specify) 25 acres:total area 26,000III. 
 Please provide the following Information for the study 
 J. 	Date work was initiated: 1973designated on the map. 
 Date work was completed, 1q74
 
A. 	Name of the study area: ANTELOPE ISLAND K. 	What computer software was used? FORTRAN IV 
B. 	 Name of organization doing computer work: Utah State Univ. What computer hardware was used- t.e., IBM 	370?) AlUo 	owns thd4 computer hardwar ? (Orqanization) 
U5U
 
(Location) Tng a lit-
C. 	Typeof oranization: C) Private Business ( ) Federal Agency L.
eck onej Other coments (attach information as desired)
C) 	 State Agency C) Municipality
 
County 429 University
Other 	(Please specify) IV. Please list 
or attach names and addresses of other individuals you think
 
should receive this questionnaire.
Please return this questionnaire to: Doug Mutter, Federation of Eiocky ilourtain States
 
240 West 26th Ave., 
Suite 	300B, de', CO 80211
 
0 
QUESTI NAIRE 	 I DecC W 1976 
COIIPUTESPINe
 
I. UA\CKGROUND D. Organization the work was done for: ) U.S. Bureau 6f Land )anagc'cnt 
(Check One) ( ) U S. Foiest Service 
A. 	 Your Name Larry Wegkamp () U.S Fish £ Wildlife Service 
State Agency (Specify) ( ) U.S. Bureau of Reclamation 
B. 	Your Organization Utah State Univ. Y ( ) Other Federal, (Specify) 
C. 	Address Logan, Utah 84322 
(X) County (Specify) through county planner
 
(CXMunicipality (Specify) 
 citizen & technical 	advisory

_____________________commtteeo	 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_( ) Other (Specify) 

II. Please indicate on the map below the aproxinate boundaries E. Indicate the data or maps computerized:
of the computer composite mapping activity past or present) 
of which you are aware. Please use one questionnaire per %$Soils (29 Land Use (9 Social (tailrejttsf peci­
study. 	 () Geology (29 Transportation ( Economic 
()d Vegetation (49 Water ()Other (Specify) _____ 
F. 	Indicate new data or maps created or composited.
 
.0 o 	 ()9 Optimal Locationor activities ( Economic Indicators 
(" Constraints to Development EnVir. ( Statistics 
Social Indicators Impact Studies ( Other (Specify) 
G. 	In what form were the data encoded? 
gcs Cell ) Point ( ) Polygon ( ) Tabular C) Other 
t 	 H. What map scale was used? 
:~i'()1:500,000 
C)1:250,000 1:i,000,0oo 3X) 	1:24.000 
Other (specify) ________________________ 
I. 	 What Is the minimum area of the polygon or cell encoded? 
One 	 acre k 10 acres ( 0hacres ()640 acres 
Other 	 (specify) 100,000 Acres thus far 
Ill. 	 Please provide the following Information for the study J. Date work was initiated: 1975
 
designated on the map. 
 Date work was completed: 	 on-going 
A. 	Name of the study area: Cache Co. K. What computer software was usel? ,Grid, img-rid on Fortrtan IV 
What computer hardware was used (i.e., IBM 370?) B6700 
B. 	Name of organization doing computer work: Utah State 
 Who owns thel computer hardware? (Orqanization) tU.S U 
University (Location) Logan. Utah 
C. Type of organization. C) Private Business ( ) Federal Agency L. 	Other comments (attach information as desired)stheck one ( ) 	 State Agency ( ) Municipality 
County C University 
Other (Please specify) IV. Please list or attach names and addresses of other individuals you think 
should receive this questionnaire. 
Please return this questionnaire to: 	 Doug Mlutter, Federation of Aocky Mourtain States
 
2480 West 26th Ave., Suite 3008, denver, CO 80211
 
I 
QUESi IONHAIIL Decber 1916 
CCHPUTER iAPPIiG 
YACKtROulO 	 D. Oronzaron the work was done for: ( ) U S, Bureau of Lend HanaDucmnt' 
A. Your Name Gary Rockwood 	 (Check One) ( ) U.S Forest Service 
( ) 0.S. Fish c Wildlife Service
 
(X)State Agency (Specify) C I U.S Bureau or Rcctli ation 
I. Your Organization_ Bur. Econ. & Bus. Res. 	 Indus. Development ( ) Other Federal (Specify) 
C. Address Inivarsi) of Utah 
Salt Lake City, Utah
 
84111 unicipality (Specify)
 
Other (Specify)
 
II. Please indicate on the nap below 	 the approximate bouadaris E Indicate the data or maps computerized: 
of the computer composite mapping activity (past or present)

of which you are aware Pleas use one questionnaire per (X) Soils (A Land Use (29 Social
 
M Vegetation (Q9 Water 	 ) Other (Specify) 
F. Indicate new data or maps created or composited. 
() Optimal Location 	 (X) Ecocc Indicators 
(N Constraints to Development (X) Statistics 
(X) Social Indicators 	 C I Other (Specify) 
GA. Inswhat form were the data encoded?
 
(20 Cell0 	 (4 Point V) Polygon ( Tabular r,4 Other Digitized 
11, What ap scale was used? 
( 15oo,ooo 4I 1.250,00 ( ) il,oo0,00o 1) V2.,o0 
4.2A Other (specify) variable 
I. What Is the mllmum area of the polygon or cell encoded? 
One acre ( ) 10 acres ( ) h0 acres ( 1 640 acres 
- Other (specify) city block 
Ill. Please provide the foflowing inFormation for the study J. Date work was initiated: 1976 
designated on the map. Date work was completed:19076 
A. oame oF the study area: Rural Utah 	 K. What couiputer software was usedl? RAP 
What computer hardware was used I.a., 10M 3?f?) UNIVAC 1108
 
B Name oF organhzaon doing computer work:. BER r..... Who owns the computer hardware? (Orqanization) jjvxr -)f
 
t CSitYIndustrial Development 	 (Location) Salt Lake 
Qecororanzation. ( ) Private Business ( ) fedural Ayency L. DLhler comments (attach Information as desired) 
ak State Agency CItiuniclipal ity 
__________________________________ 
a(X) 
County ( I University 
Other (Please specify) IV.	Please list or attach names and addresses 0; other tdividuais you think 
should receive this questio111alio 
Please return this questionnaire to; 	 Oous Mutter, Federatlon of Iocky iountain States 
2480 West 26th Ave., Suite 3001, den' CO 60211 
C 
_____________________ 
0 
QUEST IONNA it 	 Doceilcr 19,/6 
I. 	 UACKGROuND 0. Organization the work was done For ( 5 U.S Bureau of Land Management' 
(Check One) ( ) S Forest Service 
A. Your game Cnr c 	 ) U S Fish .Widlife Service 
State Agency (Specify) ( ) U S Bureau of Reclamation 
a Your Organization Butr. Econ. & Bus. Res. ( )Other Federal (SpeciFy) 
C. Address IllflVpysi-tV of I aCounty 	 () (Specify) 
Salt Lake City, Utah
 
( hunicipality (Specify)84M1 
(A4Other (Specify) Deocratic Commlttee
 
it. Pleate indicate on the map beloi the ampioxilintC boundaries t. Indicate the data or maps computerized.
 
or the computer composite mapping actvity past or presnt) 
of which you are aware. Please use on, questionnaire per ( ) Soils ( ) Land Use (?, Social 
study eology ( ) Transportation 4) Economc 
\egetation C) Water ( ) Other (Specify) 
F. Indicate new data or maps created or cmpositod
 
Optimal Location ( Econoailc Irdicators 
Constraints to Oevelopment (N Statistics 
Social Indicators ( I Other (Specify) 
W 	 G. In what Form dere the data encoded? 
Cell k*Point (X) Polygon VC) Tabular r,) OtherDigitized 
H, What map scale was used?
 
1 i!5000 t250,OO ( ) 11,000,000 ( ) 1 24,000 
k[X Other (specify) city block 
1. What is the minimum area of the polygon or cell encoded? 
( ) One acre ( ) 10 acres ( ) NO acres I) 640 acres 
j Other (specify) city block, 
11. 	 Please provide the following information for the study J. Date work was initated. 1976
 
designated on the map. Oate work "as completed.--976
 
A gaie of the study area; Salt Lake County K, 	What computer software was usedl? RAP 
What computer hardware ( ,B1 IIVAC ]1I0was used I.., 3707) 	 . 
b. Name of organization doing computer work. Democratic Who owns the computer hardware? COrqanization) Oflj~hURNiii 
Committee by BBR 	 (Locaticn) - tT,: C-iY 
. )oFono 	 edr Agency L. Other comments (attach infotmation as desired)Private Business 

k( 	 State Agency m
( Municipality 
county ( Universlcy 
r4 Other (Please specify) IV.fiese list or attach names and addresses of other individuals you think 
should receive this questonnaire.Democratic Committee 
Please return this questionnaire to 	 Doug Mutter, Federation of Iocky ttountain States
 
24 0 West 26th Ave., Suite 3008, denver, CC 80211
 
QULSI IONNA IRE December 19/6 
COMPUTER HAPPINRG 
I UACKGROUND I. 
A. Your Name Gary Rockwood 
B. Your Organization Bur. Econ. & Bus. Res. 
C. Address University of Utah 
...SaltLa9kteQty. Utah 
84111 
II Please indicate on the map below the approximate boundaries 
of the computer composite mapping activity past or present)
of which you are aware. Please use one questionnaire per 
study. 
0(2 
Ill. Please provide the following information for the study 
designated on the map. 
S.N 
A. Name of 
oo 
the study 
na 
area. 
n i 
Salt Lake CountyCoutyK. 
c ur r EWhat 
B. Name of organization doing computer work- B_BR for 
* -. 
community health organization 
C. Type of organization 
tiheck one 
( ) Private Business 
tX) State Agency 
( ) 
( ) 
Federal Agency 
Municipality 
- Organization the work was done for: ( ) U S. Bureau of Land Management' 
(Check One) ( ) U S. Forest ServiceU.  Fish & Wildlife Service ( ) State Agency (Specify) C( ) U.S Bureau of Reclamation
 ) Other Federal 
(Specify)
 
Four Corners Reg. Comm. 
)(County (specify) Health Planning 
( ) Municipality (Specify) 
Other (Specify)
 
E. Indicate the data or maps computerized:
 
( ) Soils ( ) Land Use *20 Social
 
Geology ( ) Transportation M9 Economic
 
Vegetation ( ) Water 
 (4 Other (Specify)
 
F. Indicate new data or maps created or composited 
()9Optimal Location C Econoic Indicators 
)9 Constraints to Development (X) Statistics
 
(0 Social Indicators C ) Other (Specify)
 
G)
C. 
 In what form were the data encoded?
 
Cell ( Point e) Polygon x* Tabular g Other 
H. What map scale was used?
 
1:500,000 ( ) 1.250,000 ( ) 11,000,000 C 1.24,000 
()0 Other (specify) One city block 
I. What Is the minimum area of the polygon or cell encoded? 
One acre 0)acres ( ) 40 acres () 640 acres 
-

" 9 Other (specify) one city block 
J. Date woik was initiated 1975 
Date work was completed 1975 
K ChS IWhat computer softwlare was usel?_______________________ 
computer hardware was used (i.e., IBM1370?) 1108UNIVAC 
Who owns the computer hardware? (Orqani~ation) Salt Lake CitV
 
Location)
(~~~~~~~ 
______________ 
L. Other comments (attach Information as desired)
 
County ( ) UniversityOther (Please specify) IV. Please list or attach names and addresses of other individuals you think 
should receive this questionnaire 
Please return this questionnaire to: Doug Mutter, Federation of Rocky tiountain States
 
2460 West 26th Ave., Suite 3008, Jan co 80211 
ii ~ e v c 0 1 
QUS]1IONNAIRE 	 December 1916 
COMPUTER MeOG 
I ACKGROuND D. Oiganization the work was done for ( ) U S. Bureau of Land Management' 
A. 	Your Name Gary Rockwood (Check One) ( ) U S. Fotest Service( ) U.S. Fish & Wildlife Service 
State 	Agency (Specify) ( ) U S. Bureau of Reclamation 
B. Your Organization Bur. Econ. & Bus. Res. 	 Other Federal (Specify) 
0 C. Address Univ, of Utah 
aSalt Lake City, Utah 
411( 	 ) Municipality (Specify)84111 
(X) Other (Specify) Savings & Loan
 
II. Please indicate On the map below 	the appr 
 iiate boundaries E. Indicate the data or maps computerized
of the computer composite mapping activity (past or present)

of which you are aware. Please use one quesLionnaire per ( ) Soils ( ) Land Use (0 Social
 
study. Geology ( ) Transportation () Economic ( )Vegetation ( ) Water ()0 Other (Specify) PrOXimity 
Depositors 
F. Indicate new data or maps created 	or composited.
 
(9 Optinial Location (X) Economic Indicators 
(0 Constraints to Development (X) Statistics 
() Social Indicators ( ) Other (Specify) 
to 
41 	 G. In what Form were the data encoded?
 
( Cell (2k Point 5d Polygon XC$Tabular ( ) Other 
H. What map scale was used?
 
1 500,000 ( ) 1:250,000 ( ) I 1,000,000 C ) 1 24,000 
( Other (specify) One cell 	= 1 city block 
I. What is the minimum area of the polygon or cell encoded? 
( ) One acre ( ) 10 acres ( ) 40 acres C) 640 acres 
- - Other (specify) city block 
Ill. 	 Please provide the following information for the study J. Date work was initiated: 1972
 
designated on the map. 
 Date work was completed 1972 
A. Name of the study area: Wasatch Front of Utah 	 K. What computer'software was used? CIS I
 
What computer hardware was used ( .e. IBM 370?) UNIVB. Name of organization doing computer work. Bur. Econ. & Who owns the computer hardware? (Orqanization) -J]Iv.f%alT 
Bus. Research (Location) Salt Lake City 
C. Type of organization: ( ) Private Business C) Federal Agency L. Other comments (attach information as desired)tuneck ona ( ) State Agency ( ) Municipality 
County ( ) University

Other (Please specify) 
 IV.Please list or attach names and addresses of other individuals you think 
should receive this qluestionnaire 
Please 	return this questionnaire to Doug Mutter, Federation of Rocky Mountain States
 
24o0 West 26th Ave , Suite 3008, denvej. CO 80211
 
QUESTIONNAIRE 
 Decembel 19,J6
 
COMPUTER HAPPIN 
I 	UACKGiIOUN 

D. 	Organization the work was done for: 
 ( ) 	U.S. Bureau of Land Management 
A. 	Your Name .Doug Mutter (Check One) 
 ( ) 	U.S Forest Service 
U S. Fish &.Wildlife ServiceB 	 Your Organization Federation of Rock 
 State Agency (Specify) 	 ( ) U.S. Bureau of Reclamation 
( M Other Federal (Specify) 
C. 	Address 2480 IV.26th Avenue - 300B
 
Denver, 	 Colorado 80211 ( ) County (Specify) 
Municipality (Specify) 
(X) Other (Specify) Univ. Utah for FRMS Landsat Project (NASA)II. Please indicate on tile
map 	below the approxinlate boundaries 
 E. 	Indicate the data or maps computerized.
of the 	computer composite mapping activity 
 past or present)
of which you are aware.
study. Please use one questionnaire per ()soils MZ Land Use/cover ()Social
stuy. )Geology C)Transportation k) Economic
Vegetation ) Water Other 	(Specify).
 
Landsat
 
F. Indicate new data or maps created or composited:
 
Optimal Location 
 ) Econo, c IndicatorsConstraints 
to Development ) Statistics 
Social Indicators ) Other (Specify) 
Ln G. 	Inwhat form were the data encoded?
 
() 	 Cell ) Point ( ) Polygon C Tabular C ) Other 
H. 	What map scale was used?
 
1:500,000 
 ( ) 1:250,000 ) :1,000,000 4(I 24,000 
Other (specify)__ 
I. What is the minimum area of the polygon or cell encoded?
 
One acre ( ) I0acres () 40 acres C) 640 acres
 
.C- Other (specify) 1.1 acre
 
Ill. Please provide the following information for the study
designated on the map. 	 J. Date work was initiated: 1975Date work was completed: I97YA. 	Name of the study area: Utah Test Sites 
 K. What computer software was used?.
 
B. 	 Name of organization doing computer work: r a What computer hardware was usedWho 	owns (i.e., IBM 370?) CDC 6400the computer hardware? (Orqanization) Con. St. Univ
 
State University (Location) S CO
 
C. 	lype of organization; ( ) Private Business C) Federal Agency
(Check one L. Other comments (attach information as desired)
" ) 	State Agency ( ) Municipality
 
County () University
Other 	(Please specify) 
 IV.Please list or attach names and. addresses of other individuals you think
should receive this questionnaire.

Please return this questionnaire to: 
 Doug Mutter, Federation of Rocky MHountain States 
2460 West 26th Ave., Suite 3008, denaco 80211 
_________________________________ 
I 
QUESIIONNAIRE 
 Oeccmbe, 19/6 
COMPUTER l unS l 
UACKGAOUNU D. Organization the work was done for: C) U.S. Bureau OF Land Management" 
A. Your Name Doug Mutter (Check One) ( U S. Forest ServiceA )) U.S Fish & Widlire Service 
B State Agency (Specify) )B Your Organization Federation of Rocky Mountain States U S. Bureau of Reclamation ( ) Other Federal (Specify) 
C. Address 2480 I. 26th Avenue - 300B 
Denver, Colorado80211 County (Specify) 
e ) Jiunicipality (Specify) 
(sX)Other (Specify) FRMS Landsat Project (NASA) 
11. Please Indicate on tle map below, the approximate boundaries 
 E. Indicate the data or maps conputerized:
 
of the computer composite mapping actvity past or present) 
of which you are aware. Please use one questionnaire per (yi Soils UZ Land Use /Cover ( ) Socialstudy. (y)Geology )(x) Transportation C ) Economic 
Vegetation 
 (x)Water (00 Other (specify)Topography 
F. Indicate new data or maps created or composited
 
Optial Location () Economic indicators 
(2 Constraints to Development C ) Statistics 
Social Indicators C) Other (Specify) 
a G. In what form were the data encoded?
 
1(130 Cell ( ) Point C ) Polygon ( ) Tabular C ) Other 
H. What map scale was used?
 
1'500,000 ( ) 1:250,000 ( ) 1:1,OOO,OOO kA 1:24,000 
Other (specify)
 
I. What is the minimum area of the polygon or cOll encoded?
 
One acre C ) 10 acres (17 40 acres ( ) 640 acres 
3K)0 Other (specify) 101 acres
 
III Please provide the following information for the study 
 J. Date work was Initiated 1976designated on the map. 
 Date work was completed. 1977 
A. Name of the study area. Farmington K. What computer software was used? RAP 
B. Name of organization doing computer work. Bur. Bus. Res. What computer hardware was used 1 .e, IBM 370?) TO.1NTMIAC.j110Bf
Who owns the computer hardware? (Orqanization) ujniv. o U 
Univ. of Utah (Locaton) Tp
 
C. Type ofoorganization: C) Private Business () Federal Agency 
 L. Other comments (attach information as desired)
(Cek one) 
 State Agency MIunicipality 
County (20 University
Other (Please specify) 
 IV. Please list or attach names and addresses of other individuals you think
 
should receive this questionnaire.
 
Please return this questionnaire to. Doug flutter, Federation of Rocky lountain States
 
24bO West 26th Ave., Suite 300B, denver, CO 80211
 
-  -  
kUr3 IIUNNIAt 
 December 19)16

COHPUTER IIAPPING
 
I. 	SACKGAOUND 

A. 	 Your Name Gary Rockwood 
8 Your OrganzatonBur. 	Econ. 

& Bus. Res.) 

C. 	 Address University of Utah 
Salt 	ike City. Utah 
84111 
II. 	Please 
indicate on the map below the approximate boundaries 

of the computer composite mapping activity 
 past or present)
of which you are aware. Please 	use one questionnaire per

study 

"JG. 

I 
Ill. 
 Please provide the following information for the study

designated on the map 

A. 
Name of the study area fly_ _CoHnty, 
B. 	Name of organization doing computer work.. BFaR for 

Geography Department 

C 
 Jype of organization C) Private Business ( ) Federal Agency
tCheck onej ( ) State Agency ) Municipality 
D. 	Organization the work was done for: 
 ( ) U S. Bureau oF Land Management'
 
(Check One) ) U S. Forest Service
 
U.S. 	Fish & Wildlife Service( State Agency (Specify) C ) U S. Bureau of Reclamation 
Other Federal (Specify) 
niv. Gelngy Dept. 
County (specify)
 
) Municipality (Specify)
 
Other (Specify)
 
E. 	Indicate the data or maps computerized.
 
(9 	Soils 09 Land Use 
 Social
 
( Geology (0 Transportation (0 Economic
 
Vegetation N Water () 	Other (Specify) ERTS
 
F. 	Indicate 
new 	data or maps created or composited
 
(o 	Optimal Location 
 X) Economic Indicators
 (A 	Constraints to Development 
 (M9 Statistics
 
__ Social Indicators 
 C ) 	Other (Specify) 
In what form were the data encoded?
 
()dCell (3 Point 0) Polygon :k Tabular 
 0C* 	 Other Digitized 
H. What map scale was 	used?
 
1 500,000 ( ) I 250,000 ( ) lI,O,000 
kj Other (specify) variable 
I. What is the minimum 	area of the polygon or cell 
( ) One acre ( ) 10 acres ( ) 4O acres C) 
_ Other (specify) city block 
J. 	Date work was Initiated 1976 
Date work was completed IQ?6 
K. What computer software was useI? RAP
What computer hardware 	was used (ioe., 
IBM 	370?) 

( ) 124,000 
encoded?
 
640 acres
 
11NTIAl 11OR
 
Who owns the computer hardware? 	(Organizatton) Univ. of Utah
 
(Location) Sl " U ,
 
L. 
Other commlents (attach 	information as desired)
 
County ()0University

Other (Please specify) 
 IV. Please 
list 	or attach names and addresses of other individuals you think
 
should receive this questionnaire

Please return this questionnaire 
to: 	 Doug Mutter, Federation of Rocky Mountain States
2/t0 West 26t Ave., Suite 300B, 
 80211
 
'O 	~ t' ea, .OfRt denveCO801 
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qULa I IUNI(I L 	 Uecimbu I 1/6 
COMPUTER * ING 
I. 	 BACKGROUND D. Organization the work was done for. ( ) U.S. Bureau of Land Management 
Your Name R. Walters (. One) C ) U.S Forest ServiceCheck 
( ) U.S Fish & Wildlife Service
 
State Agency (Specify) ( ) U.S. Bureau of Rdclamation
 
B. Your Organization COMARC 	 ( ) Other Federal (Specify)
 
C. Address Agriculture Building 
Embarcadero at Mission'" ' 	 County (Specify) 
San Francisco, CA 94107 	 C)unicipality (Specify)9C, Other (Specify) Economic Development District 
II. Please indicate on the map below the approximate boundaries E. Indicate the data or maps computerized.
 
of the computer composite mapping activity (past or present)
 
of which you are aware. Please use one questLinnaire per (x)Soils (X) Land Use C) Social
 
study. (X)Geology (X)Transportation X) Economic
 
Xvegetation CX)water ()Other (Specify) Sewer, 
Water, Topography
 
F. Indicate new data or maps created or composited
 
M-CC (X) Optimal Location ( ) Economic Indicators 
. [X) Constraints to Development (X) Statistics 
( ) Social Indicators ( ) Other (Specify)
-	 Growth Allocations 
the data encoded?
Q--.In what form were 

L' C~ Cell I Point ()Polygon ()Tabular ( Other_____ 
H What map scale was used? 
1 500,000 ( ) 1:250,000 C) l:1,OO,OO0 R 1'24,000 
Other (specify) 	 ....
 
I. What is the minimum 	area of the polygon or cell encoded?
 
() One 	acre ( ) 10 acres ( ) 40 acres ( ) 640 acres 
( ) Other (specify). 
II1. Please provide the following information for the study J. Date work was initiated, 1975
 
designated on the map. 
 Date work was completed: 1975
 
A. 	 Name of the study area: KITSAP COUNTY K. What computer software was used? COMPIS 
What computer hardware was used (i.e., IBM 37n?) UNIVAC 1108 
B. Name of organization doing computer work. COMARC 	 Who owns the computer hardware? 	(Orqaniation) I . 
(Location) Santa Clara 
C. 	TyPe of organization: ( Private Business ( ) Federal Agency L. 0t~er comments (attach information as desired)
 
a ( ) ( ) Municipality
heck onc State Agency 
C 3 County ( ) University 
() Other (Please specify) IV, Please list or attach names and addresses of other Individuals you think 
should 	 receive this questionnaiie. 
Please return this questinnoire to: Uoug Mutter, Fedeiatlon of Rocky tiquntain SLates 
2460 West 26th Ave.a,Suite 300B, denver, CO 8021) 
Q IElI 	 I)Ci.piI)(, Ig/6fONNAIRL 
COMPUTER HAPPIliN 
UACKI.LlOfi* . D. 	 Organization the work was done For, () U S. Buieau of Land lanageient 
(Check One) C)U S. Foies't Service 
A. 	 Your Name Ethan T. Smith i S. Fish Wildlife Service 
State Agency (Specify) ( ) U.S. Bureau oF Reclamation 
Other Federal (Specify)B. Your Organization Rali Program 	 USGS 
C Address National Center County (Specify) _______________________ 
Reston, VA 22092
 ()Municipality (Specify) _____________________ 
(2 Other (Specify) Colville Confederated Tribes 
II. Please indicate on the map below 	 the approximate boundaries E. Indicate the data or maps computerized. 
of the computer composite mapping activity past or present)
 
of which you are aware. Please use one questionnaire per ± Soils (- Land Use C ) Social
 
study. Geology (Q Transportation ( ) Economic
 
( Vegetation *) Water () Other (Specify) Topography, 
Section lines, ownership, 
created or compositedt rainfallF. Indicate new data or maps 
Optimal Location ( ) Economic Indicators 
:) Constraints to Development (N9Statistics 
Social Indicators () Other (Specify) 
H-G. 	 In what form were the data encoded?
 
0 
I Cell ( ) Point N) Polygon ( ) Tabular C I Other -
H. What map scale was used?
 
1500,000 I1 250,000 ( ) 1.1,000,000 X) I 24,000 
Sc) Other (specify) 1 "1is flflf 
I. What Is the minimum area of the polygon or cell encoded? 
( ) One acre ( ) 10 acres ( ) 40 acres ( ) 640 acres 
To be determined Z) Other (specify) 

Ill. Please provide the Following information for the study J. Date work was initiated 10/76
 
designated on the map. Date work was completed: in progress
 
A. 	 Name of the study area Colville Indian Reservation K. What computer software was use,?_ NRIS Software Package 
\hat computer hardware was used (i.e., IBM 37l?) TRM 360 
B Name of organization doing computer work: Washington Who owns the computer hardware? 	 (Organization) 
(Location) . Pullman4State University 
C. ype of organization: ( ) Private Business ( ) rederal Agency L. 	Other comments (attach information as desired)
u-neck one) 	 State Agency ) Municipality 
county ( University 
Other (Please specify) IV. 	Please list or attach names and addresses of other individuals you think 
should receive this questionnlire 
Please return this questionnaire to: 	 Doug Mutter, Federation of Rocky Mountain States
 
2460 West 26th Ave., Suite 300B, Oenver.O 802i1
 
WYOMING
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QU5 rONMNAIHE 	 Vcccnde 29/C
 
COMPUTER P& L 
I UACKGRtOUND D. 	 Organization the work was done for., ( .S Oureu or Land tlznoyenlent t 
(Check One) 	 ( Ut S. Forest Service 
A. 	 Your Name Ronald IV. Mrrs$ ) U.S. Fish & W4ildl fe Servie 
State Agency (Specify) ( ) U S Bureau of Reclamation 
B. 	 Your Organization Univ. of Iyoming ) Other Federal (Specify) 
C. 	 Address Dept, _of Geoloy.. NASA 
A sS ) County (Specify) Cafban County, WY/oming 
University of Wyoming 	 ))suRlc,,O)mcY (Specify)')__________________ 
Laraimie, Wvyoming 82071 	 Other (Specify) 
II. Please Indicate on toe map below the ooroxmniate boundaries E. Indicate the data or maps xx x c compiled but not checked. 
of the computer composite mapping actvity (past or present)
t of Which you are aware. Please use one questionnaire per 	 ( ) Soils (x) Land Use ) Social 
study. ) eology ( Transportation ( ) Economic 
Vegetation )water )Ocher (specify)-____ 
V. 	 Indicate new data or maps created or coinPosited 
OPt 'aUit Location ()Econoiiir Indtcnitorsi 
C nI to OoveopeCntoLsrainLs 	 C S Statistics 
( 3 Other (specify)) Social Indicators 

G 	 In what form were the data encoded? 
E vil ( ) Point ( ) Polygon ( 5 vubuler ( ) Other 
H. 	 Ihat map scale tias used? 
I 500,000 ( 1:,250,000 QC 	11IO,0 ( ) I 000 
( ) 	Other (specfy) . _ 
1. 	What is the minimum area of the polygon or cell encoded? 
One 	&<re ( ) I0 acres ( 430acres ( 5 640 ocres
 
cD ieo(spec.Fy). 
Ill. 	 Please provide the fo]lowing information for the study J. Date work was Initiated. 1973
 
designated on the map, Date work was completed-_ s.A
 
A. Name of the study area Carbon Connt:y_ yoflg K. What computer software was used?_-_ _
 
B, Ove of organization doing computer worki n oneO what compoter hardware was used tt.e., i5il1707)

oho owns the oomputev hardware? 	 (Orgnanzation) 
(Loca t ion) 
E. 	 Type of oranization. ( Private Business ( Federal Agency L. Other comments latlach information as desired) 
Agency iunicipality 
County () University
I Ocher (Pl01se specify) IV. Please list or attach names and addresses of other individuals you think 
aI neeltC State m 	
_________________________________ 
{ c 
should receive thils qtiestiori i r 
Please return this qiestionnaire to. 	 Doug Iutter, Federation or Rocky MiounjanStates
 
2',b0 Wast 26th Ave., Su te 300B, denver, CO 80211
 
QUES I ONNAI RE December 1916 
CONPUTER HARP ith 
3. 	 UACKiOuND D. glignization the work was done for ) U.S. Bure"au of Land Ji1naymffeint,
(Check One) U S. FOlest Service 
A. 	Your Name Ronald l. Marrs ) u S. Fish C W,Idese Service 
I State Agency (Specify) ) U.S. Bureau of Rcclamation 
S. Your Organization Univ. of Wyoming 	 C4 OLher Federal (SpeciFy)
C. Address Dept. of Gooloffy 	 AS 
SE CreekCo) County (Specify) 

University of Wyoming ( )ounicipal Ity (Specify) Moorcroft, Wyoming area 
T ralnne. Wyomins. 82071 ( ) Other (Specify) Mooreroft I5' quadrangle 
II. 	 Please indicate on the map below the aproxiawlte boundaries E. Indicate the data or a compiled and checked: 
of the computer conipostte mapping activity past or present) 
of which you are aware. Please use one questionnaire per ) Soils (X) Land Use ( ) Social 
study. Geology ) Transportation ( ) Economic 
vegetation ()Water Dther (Specify) _____ 
F. Indicate new data or maps created 	or eompositod:
 
()Optimtal Locatio" 	 Econoiic Indicators 
Constraints to Beve)opment C)Statistics
Social Indicators 	 ( Other (Specify) 
4-	 0. In 4hat form were the data encoded? 
( ) Cell ( ) Point ( ) Polygon ( Tabular ( S Other 
IWhat mlap scale was used? 
( ) IsSoO,ooo ( ) 12,oooo ( ) vu1ooo,ooo ( 5 I 24,0 
()o Other (spec, fy) 162,500 
I. What is the minimum area of the polygon or cell encoded?
 
One acre ( ) 10 acres ) 0oacres ( 5 640 acres 
Other (specify)
 
II. Please provide, the folliwing mnfornation for the study 	 J. Date work was initiated 1974 
designated on the map. 	 Date work was completed 1975
 
A. Name of the study area, Keyhole/oorcroft area K, 	 Jhiat computer software was usedI? 
o
B. Name of organization doing computer work, n computer work What computer hardware was used (i.e., IBM t7O) 
Who owns the computer hardware? (Orqanization)
 
(Locat;on)
 
C. Tye of organlzation; Private Business ( 5 Federal Agency L. Other comments (attach Information as desired)( ck one 	 State Agency ) unicipality compared to maping from skylab and aerial photography 
County (X)University
 
Other (Please specify) IV. Please list or attach names and addresses of other individuals you think
 
should receive tills questionnaire. 
Please return this questionnaire to 	 Doug lutter, Federation of Rocky lountain States
 
240 West 26th Ave., Suite 300fl, denvr O0S0211I
 
I 
QUCS1 IONNAIRE 	 Decemlci 19/6 
COMPUTER tl J Ng 
BACKGROuND 
 D. Organization the work was done for: ( ) U S Bureau of Land Management'
A. 	 Your Name Ronald W. Marrs (Check One) ( ) U S Forest Service( ) U S Fisi a Widlire Service 
State Agency (Specify) ( ) U S Bureau of Reclamation 
B Your Organization Univ. of Wyoming Wyoming DEPAD usOther Fedoica SuerveyU.S. GeoC. Address Dept. 	 of Geology 
(X)County (Specify) 	 Johnson and SheridanUniversity of Wyoming 
a m unicipality (Specify) 
(y) Other (Specify)
 
II. Please indicate on the map below the apoximate boundaries E. Indicate the data or maps cpX- rviM compiled and checked: 
of the computer composite mapping actvity past or present)

of which you are aware. Please use one queslionnaire per ( ) Soils (X) Land Use ( ) Social

study. 
 ( ) Geology ( ) Transportation ( ) Economic
 
(X) Vegetation ( ) 	Water (X) Other (Specify) Land-Forms 
F. Indicate new data or maps created or composited
 
Optimal Location 	 C)Economic IndicatorsConstraints to Development 
 ) Statistics 
Social Indicators ) Other (Specify) 
CG. In what form were tile data encoded? 
co
 
;> 	 ( ) Cell ( ) Point ( ) Polygon ( Tabular ( ) Other 
H. What map scale was 	used?
 
( ) 1.500,000 ()9 1:250,000 C) 1,000,000 ) 1I 24,000 
Other (specify)
 
1. What is the minimum area of the polygon 	or cell encoded'
 
One acre ( ) 10 acres ) 40 acres C) 640 acres 
Other (specify)
 
Ill. Please provide the following information for the study 	 J. Date work was initiated 1974
designated on the map. Date work was completed 1976 (prnjected)A. Name of the study area Powder River Basin K. What computer software was use,l? 	 none 
B Name of organization doing computer work no computer work 	 What computer hardware was used (i.e., IBGi'3707) none 
Who owns the computer hardware? 	(Orqanlzation)
 
(Locat ion)
 
C. Type of organization ( ) Private Business ( ) Federal Agency L. 	Other ts (ttach rmaIo as dse15" 
e 	 ) State Agency ( ) Municipality to be published by Wyoming GeoThgcal Survey 
County (X) University
 
Other (Please specify) IV.	Please list or attach names and addresses of other individuals you think 
should receive this questionnaire. 
Please return this questionnaire to. Doug Mutter, Federation of Rocky Miountain States
 
2480 West 26th Ave., Suite 300B, denver, CO 80211 
QUESTIONNAI RE December 19/6
COMPUTER tIAPPHiG 
I. 	 BACKGROuND D. 	Organization the work was done for. 
 ( ) U.S. Bureau oF Land Management'-

A. Your Name DOUR Mutter At( (Check One) 	 ( ) U S Forest Service
) U.S Fish & Wildlife Service
B. 	 Your Organization Federation of Rocky Mountain States ( ) State Agency (Specify) ( ) U.S Bureau of ReclamationB.___________________( ) Other Federal (Specify)
 
C. 	Address 2480 KA?9('t A)rnn Z4flflf
 
County (Specify)
Denver. CO. 

Municipality (Specify)
80211 ( Other (Specify) Special Demonstration 
II Please indicate on the map below the approximate boundaries 
 E. 	Indicate the data or maps computerized:

of the computer composite mapping activity (past or present)

of which you are aware. Please use one questionnaire per ( )Soils ( ) Land Use 
 C ) Social

study. 
 (CA[
Geology ( ) Transportation ( ) Economic 
IDVegetation ()Water 0c)Other (Specify) Slope, 
mining data
 
F. 	Indicate new data or maps created or composited
 
Optimal Location 	 ( ) Economic Indicators 
Constraints to Development ( ) Statistics 
Social Indicators Other (Specify)
4H 
reclamation feasibility

G. 	In what form were the data encoded? 
ki 	Cell C ) Point ( ) Polygon ( ) Tabular ( ) Other 
H. 	What map scale was used?
 
( 	 1:500,000 ( ) 1:250,000 ) 1'1,000,000 tX) 1:24,000 
Other (specify) 
I. 	What is the minimum area of the polygon or cell encoded?
 
( ) One acre ( ) 10 acres ( ) 40 acres C) 640 acres 
k) Other (specify) 8 acres
 
IIl. Please provide the following information for the study J. Date work was 
initiated: 1,73
 
designated on the map. 
 Date work was completed. 1973
 
A. 	Name of the study area: Kemmerer 
 K. What computer software was used? CMS I 
What computer hardware was used (I.e., IDll3707)B. 	 CDC 6400Name of organization doing computer work .Fede-ration of Who owns the computer hardware? (Organization)
_ n fxgRocky Mountain States 
 (Location) Pwtior nnQ 
C. 	Tyecof orqanization ( Private Business C) Federal Agency L. 
Other comments (attach information as desired)

ek ne )State Agency ( ) Mlunicipality
 
County ( ) University
Z4 	 Other (Please specify) IV. Please list or attach names and addresses of other individuals you think 
Regional should receive this questionnaire. 
Please return this questionnaire to: Ooug Mutter, Federation of Rocky Mountain States 
2480 West 26th Ave., Suite 300B, Jn O 80211 
QUDSI ION4A IRE Decembei 9/]6
-- COMPUTEP I* t 0
 
I aACKGROUND D. Organization the work was done for ( ) 
U S. Bureau of Land Nanaoonent
 
A. Your Name Doug MnllIte 	 (Check One)At( (	) U S Forest Service
 ) U S Fish & Wildlife Service
 
. ) State Agency (Specify) 
 ( ) 
U S. Bureau of Reclamation
 
U. ourfRockyMountain 	 States Other Federal (Specify)
 
0) 0 C. Address 2480 W. 26th Ave. - 300B
 
Denver, Colorado 80211 	 County (Specify)
s 	 (C) Municipality (Specify) 
t7O Other (Specify) Univ. of WY. for FRMS Landsat Project (NASA)
C I. Please indicate on the map below the aproximate boundaries E. Indicate the data or maps compuLurized

of the computer composite mapping activty past or present)
of which you are aware Please use one questionnaire per ( ) oils (X Land Use/cover ( ) Social 
s yGeology C)Transportation C) Economic 
Vegetation ( ) Water C Other (Specify)
 
(from Landsat)
 
F. Indicate new data or maps created or composited 
Optimal Location 	 ( ) Economic Indicators 
n Constraints to Development 2 sStatisticsSocial Indicators 	 ( ) Other (Specify) 
I G. In what form were the data encoded? 
Cell ( ) Point ( ) Polygon ( ) Tabular C 3 Other 
H. What nap scale was used?
 
1:500,000 ( ) 1.250,000 ( ) 11,000,000 3 1I 24,000 
Other (specify) 
.
 
I. What is the minimum area or the polygon or cell encoded? 
( ) One acre ( ) 10 acres () 40 acres (3 640 acres 
-
(3 Other (specify) 1.1 acre
 
Ill. Please provide the following information for the study J. 
Date work was Initiated: 1975
designated on the map. 
 Date work was completed: 1976 
A. Name of the study area: Wyoming Test Sites 
 K. What computer software was used? Landsat Mapping System (LMS)
 
B. Name of organization doing computer work: Colorado State What computer hardware was used (i.e., IBII370?) CfDC 6400Who owns the computer hardware? (Orqanizaton) Coin St.uIv1
 
University 	 (Location) Ft_ Collins CO 
C. TyIe of oran ization: ( ) Private Business ( 3 Federal Agencyonej ( ) 	 L. Other comments (attach information as desired)aCheck 
 State Agency ( )Municipality 
County (O University) Other (Please specify) IV. Please list or attach names and addresses of other individuals you think 
should receive this questionnaire. 
Please return this questionnaire to: Doug Mutter, Federation of Rocky Mountain States 
24b0 West 26th Ave., Suite 300B, denver, CO 80211 
11 
.4 
Docbit 19/6
 
CObhPUTEA TIAPIliq 
J. 	,ACKGOUND D0. Organization the work was done for: ( ) U.S. Bureau of Land ilanagent'nt 
(Check One) ) U.S. Forest Service 
.Z-'A. Your Name Doug Mutter 	 ) U.S. Fish e Wildlife Service 
a' 	 ( ) State Agency (Specify) ( ) U.S. Bureau of Reclamation 
i. Your Organization _r pdrtip 7] of Rock' Mountainl States 	 Other Federal Spcify) 
C. Address ?9Agf V- 26th Aven. - ,300B 
County (Specify)
Denver, Colorado 80211 

Municipality (Specify) 
(Cx)Other (Specify)jID jv of WY. 	 for FRMS Landsat Project (NASA) 
Please indicate on the map below the a 2roximata boundaries E. Indicate the dote or maps Computerized: 
of the computer composite mopping act vity past or present) 
of which you are aware. Please use one questionnaire per (X) Soils (x) Land Use C ) Social 
study (X) Geology ( ) Transportation ( Economic 
Vegetation ( ) Water Other (Specify) Slope, land 
okership. floodplaifis 
F. Indicate now data or maps created or compositedt
 
Optimal Location C )Economic Indicators 
I CoInstraints to Oeveopeent C I statistics 
Social Indicators 	 ( ) Other (Specify)
 
H
 
G. In what form were the data encoded? 
( Cell C ) Point C I Polygon ( Tabular C ) Other
 
H. What 	 map soake was used? 
Sl,500,000 ) :250,000 1 ci:24,OO0i'l,0o ,o00 
Other 	(specify)
 
I. What Is the minimum area of the polygon or cell encoded?
 
One acre ( ) 10 acres (1 40 acres 64O acres
 
_O 	ther (specify) 1.1 acre 
Ill. 	 Please provide the following Information for the study J. Date work was initiated:
 
designated on the map. Date work was completed-

A. Name of the study area: Buffalo K. What 	computer software was used?_ G-Maps
 
What computer hardware was used i.e., IBM3n?) CDC 6600S. Name of organization doing computer work: Los Alainos. .Wi 	 owns the computer hardware? (Crq anizationJJjI 
11 	 Aamos, New Mexico
Sclentific Lab .(ocaton 
C. 	1tecof oranizatfon:; Private Business (24 Federal Agency L. Other comaments (attach information as desired) ____________k one State Agency ( ) IMunicipaliy 
County ( ) University 
Other (Please specify) IV. Please list or attach names and addresses of other Individuals you thsk 
A. 	 should receive this questionnaire
 
Pleuse return thi5 questionnaire to: 	 Ooug flutter, Federation of RocKy lMountain States
 
24&O West 26th Ave., Suite 3002, )enver.O 80211

'I 
___ 
_____ 
qUESTION AIRE 	 December I96 
ICOMPUTERl* 9 11" 
I UACKUItOUAU D 	 OrganizaLion the work was done for: ( ) U.S Bureau of Land Manaoement' 
(Check One) ) Uu 5 Forest Service 
A. 	 Your Name Dow Mutter ) .s Fish ; Wildl(0e Service 
() State Agency (Specify) C ) U.S Bureau of Reclamation 
B. Your Organization Federation 	 of Rocky Mountain States Land Use Conservation ( Other Federal (Specify) 
Study Commi sion 2480 	 W. 26th Avenue - 3003C. Address 
County (specify)
Denver, Colorado 8D211 

unicipality (Specify) 
C) Other (Specify) 
II. Please indicate on the map below the aptoxifate boundaries E. Indicate the data or maps computerized:
 
of the computer composite mapping act vity past or present)
 
of which you are aware Please use one questionnaire per ) Soils ( Land Use ( ) Social
 
study 	 Geology (A Transportation ( ) Economic 
Vegetation (A Water 	 Q4 Other (Specif7) Wildlife, 
land owesiurban>energy, 
,fti --- COUnI.~,
H F. Indicate new data or maps created or cempostted ties, wilderness 
C Optimal Location 	 ( ) econoitc Indicators 
Constiainis to Development ( ) Statistics 
Social Indicators bo Other (SpeciFy) 
Conseryation areas, key economic areas, existing & po­tential land use competition
G. In what ferm were the data 	encoded?
 
k2a Cell ( ) Point ( ) Polygon ( ) Tabular ( ) Other 
H. What map scale was usedi
 
k I 500,000 1;:250,0OO C ) I.000,0C ( ) 1-24,000 
Other (specify) _________________________ 
I. What Is the mlnimum area of 	the polygon or tell encoded7 
( ) One acre ( ) a0acres ( I 4C acres ( I 640 acres
 
k) Other (specify) about 	500 acres 
Ill. 	 Please provide the following information for the study J. Date work was initiated: 1973
 
designated on the map Date work was completed p9;4
 
A. 	 Name of the study area: Wyoming X. What computer software was use,1' CMS I 
What computer hardware oas used (b.e.,-18M 3707) CDC 6400 
B. 	 Name of organization doing computer wor& Federation Who owns the computer hardware? (orqanization) 1l1il. of CO 
of Rocky Mountain States (Location) BoUlder CO 
C. 	 jypeof organization Private Business Federal Agency L. Other comments (acach information as dcesred)
 
h( ) State Agency ( Mun ipality
 
County ( I University
 
(j Other (Please specify) IV.Please list or attach names and addresses of other individuals you think
 
Regional 	 should receive this questicni, e. 
Please return this questionnaire to: 	 Dou9 Muter, Federation of Rocky Mountain States
 
24tiO West 26th Ave., Suite 3009, denver, CO 80211 ATTACHMENT
 
WYOMING - Statewide
 
Cell Size: 5q. Mile -500 acres
 
Vintage: 1973
 
SINGLE TOPICS 	 Surface water
 
Ground water
 
Forestry
 
Agriculture
 
Wilderness
 
Fuel production and transportation
 
Power production and transportation
 
Extractive
 
Land Ownership (various public agencies, and private)
 
Outdoor recreation
 
Urban development and manufacturing
 
Big game habitat
 
Transportation
 
Counties
 
COMPOSITES
 
Existing Land Use Competition (9categories x 12 categories)
 
Potential Land Use Competition (4categories x 11 categories)
 
Key Economic Activities
 
Significant Conservation Areas
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_______________________ 
QUEST IONIIAI RE December 1976 
-.	 COMPUTER IA@C q 
I. UACKbltOuND D. Organization the work was done for: ( ) U S. Bureau or Land Management 
A. Your Name David Vet Steeg 	 (Check One) (A)) U S. Foiest ServiceFish & Wildlife Service
( ) State Agency (specify) 
 C) U S. Bureau of ReclamationB. Your Organization Environment Consultants, Inc. Other Federal
()9 (Spegif y) 
U.S. Geological burvey
C. Address 720 Kipling, Suite 12 

Address
~~ C.720 Kipling, Suite 12 	 ( ) ~County (Speci fy)Lakewood, CO 80215
 
i 
 Municipality (Specify)
 
C) Other (Specify)r II.Please indicate 	on the map below the approximate boundaries E. Indicate the data or maps computerized 
Sof the compu er 	 com p)osie 'sapping act i ity p-ast oi present) 1a s on ute iz d 
;_. of which you are aware Please use one questionnaire per 
 X SoIls (yj Land 	Use social
IX Geology () Transportation () Economic 
-X) Vegetation () Water 
 () Other (Specify).
 
F. Indicate new data or maps created or composited
 
a 	 Optimal Location ( ) Economic Indicators I 
N 	 ( ) Constraints to Development ( ) Statistics 
Social Indicators 	 (2 Other (Specify) 
U1 reclamation potential
 
G. Inwhat form were the data encoded?
 
( Cell ( ) Point (9 Polygon ( ) Tabular ( ) Other 
H. What map scale was used?
 
I 500,000 ( ) 1.250,000 ( ) 11,000,000 ( ) I 24,000 
( Other (specify) 100,000 
I. What Is the minimum area of the polygon or cell encoded? 
One acre ( ) 10 acres 	 ( ) 40 acres C) 640 acres 
k) Other (specify) 20 acres
 
Ill. Please provide the following information for the stuly 
 J. Date work Was initiated, nov. 1975designated on the map. 
 Date work was completed:nov 1976 - and on-going 
A. Name of the study area: GAP Quadrangle, WY (Gillette) K. What computer software was use'l? GMAPS (Fortran)
B Name of organization doing computer work U.S.G.S. What computer hardware was used Ii..a., IBM 37?) PDP 10 (USGS)
Who owns the computer hardware? (Orqanization) USGS(Dr. D. W. Moore in 	 consultation w/Dr. Keith Turner, CSM) 	 (Location) Denver 
C. Type of organization: ( ) Private Business (J Federal Agency L. Other comments (attach information as desired)
(Check one) ( ) 	 State Agency ( ) Municipality
 
County ( ) University

Other (Please specify) 	 IV. Please list 
or attach names and addresses of other individuals you think 
sh ouId receive LI15isJeStionnaire 
Please return this questionnaire to. Doug Mutter, Federation of Rocky Mountain Slates 
2"0 West 26th Ave., Suite 	3000, Jenver, CO 80211
 
REGI ONAL
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_________________________________ 
4UL ) I IUNA IIL 	 Deimbor I'/& 
UCOMPUTER 	 1l1IG
 
1ACKIROUND D. 	Organization the work was done for. 
 ( ) 	U.S. Bureau of Land Management
A. 	Your Name R. Walters (Check One) ( ) U.S. Forest Service
 
U.S. Fish & Wildlifle Service
 
B. Yu)ra ia inCM R 	 State Agency (Specify) ()U S. Bureau of RdclamatlonB. 	 Your Organlzation COMARC N' "( ) Other Fedora) (Specify) 
Building"'AgricultureC. Address 

( ) County (Specify)
Embarcadero at Mjsssi6t 

San Francisco, CA 94107 ) unicipality (Specify)
 
(X)COther (Specify) Marketing Company 
o 11. Please indicate on 	the map below the approximiate boundaries 
 E. 	Indicate the data or maps computerized.

of the computer composite mapping activity past or present)

of which you are aware. Please use one questionnaire per ( ) Soilsl ( ) LandUesocialUse ):
VO~~~ 
sd 
 Geology ( ) Transportation ) Economic( ) Vegetation ( ) Water (X) Other (Specify).
r 
 Census Tracts
 
F. 	Indicate new data or maps created or composited.
 
Optimal Location 	 ( ) Economic Indicators 
() 	Constraints to Development (X) Statistics 
Social Indicators ( ) Other (Specify) 
HMarket Potentials 
G,C. In what form were the data encoded? 
(i)Cell ( ) Point ( ) Polygon ( ) Tabular ( ) Other 
H. 	What map scale was used?
 
1:500,000 ( ) 1:250,000 ( ) 	l:1,000,000 ( ) 1:24,000 
Other (specify) V arious 
I. 	What is the minimum area of the polygon or cell encoded?
 
1 1
One 	acre ( ) 10 acres ( ) e0 acres C) 6 0 acres 
Other (specify)
 
Ill. Please provide the following Information for the study J. Date work was initiated. 1974
 
designated on the map.

A.ofth 	 Date work was completed: OngoIjwQam sudyara:Seattle,A Portland, San Francisco,
 
A. astudyfthe area: Ln A ele K. 	 What computer software was usel? COMPIS 
B. Name of organization doing computer work. COMARC 	
What computer hardware was used (.e.. BI 370?) D. G.C300
Who owns the computer hardware? 	(Orqantzaton) fCOMARC
 
(Location)
 
C. hTypeof onranization: J Private Business ) rederal Agency L. Other comments (attach information as desired)tteckonoj H 	 State Agency M unicipality 

County C) University

Other (Please specify) 	 IV. Please 
list 	or attach names and addresses of other Individuals you think 
should receive this questionnaile.
 
Please return this questionnaire to: Doug Muttei, Federation or Rocky tlountaln States
 
24e80 West 26th Ave., Suite 300B, denver, CO 80211
 
-L Ssi UNNAI Rl Deceibur I,/6 
COMPUTER HAPPI HG 
i BACKGItOUNOD D. 	Organization the work was done for ( U.S. Bureau of Land Management' 
(Check One) C ) U S Forest ServiceA. Your Nam Mr. Terry McGowan 	 C) U.S. Fish & Wildlife Service 
3 State Agency (Specify) C ) U.S. Bureau of Reclamation 
B. 	 Your Organization U.S. Fish and Uildlife Service ( 3 Other Federal (Specify) 
C. 	Address Federal Building, Room 208 
Fort Collins, Colorado
 ) unicipality (Specify)

80521
 (021Other 
(Specify)
 
II. Please indicate on the map below 	the approximate boundaes E Indicate the data or maps computerized.
 
or the computer composite mapping activity past or present)
 
of which you are aware. Please use oe questionnaire per ( ) Soils ( ) Land Use C ) Social
 
study. ( ) Geology ( )Transportation ( ) Economic
 
Vegetation ()Water 	 C3Other (Specify) _____ 
F. 	Indicate new data or maps created or composited. 
Optimal Location ) Economic Indicators 
Constraints to Development ) Statistics 
Social Indicators ) Other (Specify) 
G. 	 In what form were the data encoded7 
Cell ()Point ()Polygon C)Tabular ()other_____ 
H. 	What map scale was used?
 
1.500,000 ( 7 o50,000 ( ) l:l,ooo,OOo ( ) 1 24,000 
Other (specify)
 
I. What is the minimum area of the polygon or cell encoded?
 
One 	acre ( ) 10 acres ) 40 acres ( ) 640 acres 
3Other (specify) 
I1. 	Please provide the following information for the study J. Date work was initiated: Sept, 24, 1976 
designated on the map. Date work was completed' n_ gni ig 
A. 	Name of the study area: Southeast Montana K. What computer softiare was usel? NONE 
What computer hardware was used (i.e., IBM 3707) anticipate CDC 
B. 	 Name of organization doing computer work: Federation Who owns the computer hardware? (Orcanizatton) rt ri ttD S'' 
(Location) Pt rn11ing; r'nof 	Rocky Mountain States 
C. 	 Type of organization ( 3 Private Business C 3 Federal Agency L. Other comments (attach information as desired)this is a system 
wneck one State Agency ) Municipality rlev Inpment project, not an api? r _a±in 
County C ) University 
(29 Other (Please specify) IV. Please list or attach names and addresses of other individuals you think 
should receive this questionnaire. 
Reional 
Please return this questionnaire to. 	Doug flutter, Federation of Rocky Mountain States
 
24a0 West 26th.Ave., Suite 300B, oenvac;o 80211
 
QUESTIONNAIRE 
 December 1976
 
COMPUTER ii*m1r, 
I UACKUROUNU D Organization the work was done for' ) U.S. Bureau of Land Management 
(Check One) () U S. Forest ServiceA Your Ne Gary Rockwood ) U.S Fish & Wildlife Service 
State Agency (Specify) ( ) U.S Bureau or Aeclaniation8 Your Organizaton Bur. Econ. & Bus. Res. oOtheq jederalecir
6 dom 
University of Utah
 C. Address 

Salt Lake City, Utah 	 County (Speci fy)
 
-84-11841)1ilunicipality 
 (Specify)
 
0 
 Other (Specify).
 
II. Please indicate on the map below the approximate boundaries E. Indicate the data or maps computerized

of the computer composite mapping activjty past or present)

of which you are aware Please use one questionnaire per 09 Soils 
 ( Land Use :) Social 
study. Geology (3d Transportation (Po Economic 
(9Vegetation Pi Water C)Other (Specify)
_____ 
F. Indicate new data or maps created or compostled
 
(d Optimal Location Economic Indicators 
( Constraints to Development Statistics 
(C Social Indicators ( ) Other (Specify) 
La 
 G. In what form were the data encoded?
 
*2 Cell RC Point GC) Polygon Q4: Tabular ( ) Other 
H. What map scale was used?
 
1C2'500,000 ( ) 1 250,000 ( ) 11,000,000 ( ) I 24,000 
Other (specify)
 
I. What is the minimum area of the polygon or cell encoded?
 
( ) One acre ( ) 10 acres ( ) 40 acres ( ) 640 acres 
-- Other (specify) 4 sq. miles approx. 
Ill. 	 Please provide the following information for the study . Date work was initiated- Jan. 1971
 
designated on the map 
 Date work was completed. IDe._ 1971
 
A Name of the study area Four Corner States 
 K. What computer software was useI? CMS I 
What computer hardware was used b.e., IBM370?) UNIVAC 1108 
B. Name of organization doing computer work Bur. of Econ. & Who owns the computer hardware? (Orqanization) Univ C a --
Bus. Res. for Four Corners Reg. Comm. (Location) Salt Lake City, UT 
C. Type of organization ( ) Private Business ()9 Fedeial Agency L. Other comments (attach information as desired)
(Check one) ( ) State Agency ) Nunicipality 
County ( ) University
Other (Please specify) 	 IV. Please list 
or attach names and addresses of other individuals you think
 
should receive this questionnalte.
 
Please return this questionnaire to. Doug Mlutter, Federation of Rocky Ilountaln States
 
2480 West 26th Ave., Suite 3008, 80211
denver, CO 	 ATTACHMENT
 
SINGLE TOPICS 

4-STATE (COLORADO, UTAH, ARIZONA, NEW MEXICO)
 
Cell Size: 4 sq. miles
 
Vintage: 1968-71
 
Railroads
 
Public Airport Accessibility
 
Interstate Highway System as Planned, 1976
 
Federal and State Highways
 
Highway Accessibility
 
Primary Electrical Lines
 
Federal Lands, 1968
 
Croplands
 
Forest-Type Zones
 
Mountain and Scenic Canyonlands Areas
 
Recreation Water
 
Precipitation
 
Population Location - Four Corners Region
 
Population Proximity - 15 Mile
 
Population Proximity - 15-30 Mile Ring
 
Population Proximity - 30-60 Mile Ring
 
Urban Proximity - Central Place Proximity Zones
 
Relative High Skill Employment, 1960
 
Relative Medium Skill Employment, 1960
 
Relative Low Skill Employment, 1960
 
Median School Years Attained, 1960
 
Family Buying Power, 1969
 
County Work Force, 1969
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4-States (Colorado, Utah, Arizona, New Mexico) continued
 
SINGLE TOPICS
 
Unemployment rate, 1969
 
Manufacturing employment, 1969
 
Mining employment, 1969
 
Construction employment, 1969
 
Transportation employment, 1969
 
Trade employment, 1969
 
Finance, Insurance, and Real Estate employment, 1969
 
Services employment, 1969
 
Government employment, 1969
 
Other employment, 1969
 
Agriculture employment, 1969
 
Non-Metropolitan Convention facilities
 
Indication of 1960-1970 retirement migration
 
Labor force availability in selected mineral extraction zones
 
Relative population growth, 1960-1970
 
Relative growth, 1960-1970 for populated areas
 
COMPOSITE MAPS 	(Optimum Regional Locations for Industries, using weighted
 
combinations of 1-15 topic maps.)
 
Fiberglass/Plastic Irrigation Pipe
 
Mining supplies 
Mining machinery 
Apparel ORIGINAL PAGE I6 
OF POOR QUALITY 
Fertilizers 
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4-States (Colorado, Utah, Arizona, New Mexico) continued
 
-COMPOSITE MAPS continued
 
Wiring harness
 
Electronic subassemblies
 
Surgical applicances and supplies
 
Handcrafts
 
Industrial equipment
 
Office machines
 
Security equipment
 
Medical research
 
Optical equipment and lenses
 
Pottery products
 
Metal doors, sash and.trim
 
Architectural metal work
 
Surgical and medical equipment
 
Ophthalmic goods
 
Jewelry
 
Sports and athletic goods
 
Golf clubs
 
Metal office furniture
 
Wood partitions and fixtures
 
Copper tubinq
 
Scales and balances
 
Electric lamps
 
Wood tu'rniture
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4-States (Colorado, Utah, Arizona, New Mexico) continued
 
COMPOSITE MAPS continued
 
Distribution if Interstate highway advantage among areas
 
showing relative gorwth from 1960-1970
 
Distribution among growing areas of advantage for low skill,
 
low wage labor dependent industries
 
Distribution among growihg areas of advantage for large scale,
 
high/medium skill labor dependent industries
 
ORIGINAL PAGE IB 
OF'P - QJALITY 
158 ­
COMPUTER MIAPPINIG 
I JACK6ROuND)
A. Your Name JAMAES R. ANDERSON D. Oiganization the work was done for, ( ) U.S(Check One) Bureau or Land Management,( ) U S Forest Service 
Geography Program ) State Agency (Specify) U S. Fish & Wildlife ServiceB. Your Organzation- U-S GEOLOGICAL SURVEY ( ) U.S Bureau of ReclamationOther Federal (Specify) 
C. Address Mall Stop 710, Reston, Va. 22092 USGS and NASA
 
County (Specify)
 
Municipality (Specify)
 
Other (Specify)

II Please indicate onlthe map below the approximate boundaries E. Indicate
of the computer the data or maps computerzed.composite mapping activityof which you are aware past or present)Please use one questionnaire per

study (10 Soils ( Land Use (0 Social Census tracts
( ) Geology ( ) Transportation C Economic (0 Vegetation (0 Water (basin (X Other (Specify) Federal 
boundaries) land ownerslip 
See attachments 
F. Indicate new data or maps created or composted 
Optimal Location ( ) Economic Indicators
Constraints to Development 
 C) Statistics 
Social Indicators 
 C ) Other (Specify)
 
G. 
In what form were the data encoded?

Phoenix quad 
 MesaTucson & Ajo quads
(X) Cell/ 
 ( ) Point (1 Polygon / ( ) Tabular ( ) Other 
See Satus H. What map scale was used? 
Map attached ( ) 1.500,000 (1 1.250,000 ) 1I 1,000,000 ) 24,000 
for areas mapped:Phoenix, Tucson, (X) Other (specify) Compilation at 1:120,000; data in comLtterAjo, Mesa quads I. W tcan be plotted at 
any scale desiredbut designed for
is the minimum area of the polygon or cell encoded? 1:250,000.
One acre ) 10 acres ( ) 1O acres ( ) 640 acres 
W-)Other (specify) I kilometer cell conversionIll. Please provide the following information for the study foreompring ewo, 7
 
Date work was completed 1973
 
designated on the map. J a ctorswas initiatS o s 
A Name of the study area Arizona Regional Ecological Test K. Wlhat computer software was usel Developed in-house 
B. Name of organization doing computer work:USGS What computer hardware was used-ti.e.,
Geography Site Who IBN 370?) IBM 370owns the computer hardware? (Orqanzaton) USGS 
P r o g r a m ( L o c a t i n ) Ge C'c' ha r m 
C. Type of organization Ra~ql onfVt_90f -"
C) Private Business ) Federal Agency
Check one) ( ) State Agency Other comments (attach information as desired)( ) Municipality L. See attachedmaterials 
County 
 ( ) UniversityOther (Please specify) 
 IV. Please list 
or attach names and addresses of other individuals you think 
Please hould receive this questionnaiiereturn this questionnaire to: 
 Doug Mutter, Federation of 
-Rocky
lountain States
 
2480 West 26th Ave., Suite 300B, denver CO 80211 
 ATTAChiENT 
S
 
United States Department of the Interior 
GEOLOGICAL SURVEY 
RESTON, VIRGINIA 22092 
January 13, 1977
 
Arizona Regional Ecological Test Site
 
The four sheets: Phoenix, Mesa, Tucson and Ajo were completed under
 
an experimental program. Land use, Political Units, Census, Hydro­
logic Units, Federal Land Ownership, and Soils were composited in a
 
data base.
 
This USGS Geography Program research effort, funded by NASA and the
 
EROS Program, was undertaken before the current USGS nationwide
 
land use and land cover program which began in 1975.
 
Status of Map Digitizing * for USGS National Land Use and Land Cover Mappin
 
Sheet Name Land Use Hydrology Political Census
 
Phoenix S F F F
 
Mesa P F F F
 
Tucson S F F F
 
San Diego F F F
 
Santa Ana F F F
 
Long Beach P P P P
 
Los Angeles F F F
 
Santa Maria P P P
 
San Bernardino F F F
 
Reno P F F F
 
* S - Sent to digitizing 
P - In processing
 
F - Finished
 
ORIGINAL P G l
 
OF pOOR QUAITY'
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&STATUS OF LAND USE AND LAND COVER MAPPING 
* El Completed 
In Production 
AtASAr :: -September 1976 
tVU L I I UNCil\ I it 	 uCC. ID r I ,o 
OIPUTER I	 04 

I BAC KGROuN U D. Organization the work was done for ( ) U S. Bureau of Land Management' 
(Check One) ( ) U S. Forest Service 
00 A. Your Name DougIt~Mutter )0 U S. Fish & Wildlife ServiceC US a1; r evc
 
1- State Agency (Specify) ( ) U S Bureau of Reclamation
2 B Your Organization... de'rtin of Rocky Moutain States C) Other Federal (Specify) 
_ _ _ _ _ EDA 
Ave. - 300BC. 	 Address 2480 W. 26th 

Denver, Colorado County (Specify)
 
~80211 80211 	 ( )Municipality (Specify) 
( ) Other (Specify) 
II. Please indicate on tilemap below the aproximate boundaries 
 E. Indicate the data or maps computerized
 
of the computer composite mapping activity past or present)

of which you are aware. Please use one'questionnaire per 	 ( ) Soils ( ) Land Use b4 Social - Pop. 1960, 1970 
study Geology ( ) Transportation ()0 Economic- Income 1959, 1969 
Vegetation ( ) Water ( ) Other (Specify) 
F. Indicate new data or maps created or composited
 
Optimal Location ( ) Economic Indicators 
Constraints to Development ( ) Statistics 
Social Indicators ( Other (Specify) 
migration, 	relative income
 
G. In what form were the data encoded? per capita 
±$ Cell ) 	 Point ( ) Polygon ( ) Tabular ( ) Other 
H. What map scale was used? 
1 500,000 ) 	1 250,000 (x) 1.1,000,000 ) 1 24,000 
Other (specify)
 
I What is the 	minimum area of the polygon or cell encoded? 
One acre ( ) 	 10 acres ( ) 40 acres ( ) 640 acres 
-- - Other (specify) 4 Sq. Miles 
III. 	 Please provide the following information for the study J. Date woik was initiated 1971
 
designated on the map. 
 Date w6rk was completed: 1971
 
A. Name of the 	study area: upper plains & mountains K. What computer software was used? CMS I 
What computer hardware was usea (Ie., IBM 3707) UNIVAC 1108B. Name of organization doing computer work. Economic Develop. Who owns the computer hardware? (Organization) FDA 
Admin./Federation of Rocky Mountain States 	 (Location) Washlngton D.C.-
C. eckone an)zation. Private Business ( Federal Agency L. Other comments (attach information as desired)
 
e oState Agency M
funicipality 
____________________________________ 
County ( ) Universilty
(i Other (Please specify) IV. Please list or attach names and addresses of other individuals you think 
should receive this questionnaireRegional
Please return this questionnaire to: Doug futter, Federation of Rocky Mountain StateS
 
24b0 West 26th Ave., Suite 300B, denver, CO 80211 
,I 
UNITED STATES
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I 
QUES1IONNAIRE 	 December 1916
 
I 
 COMPUTER it 1G & 
OACKGROuND 
 D. 	Organization the work was done for: 
 ( ) U S Bureau of Land ianagement 
(Check One) ( ) U S Forest ServiceA. 	Your Name Gary Rockwood ( ) U.S Fish &Wildlife Service 
State Agency (Specify) ( ) U S. Bureau of ReclamationB 	 Your Organization Bur. Econ. & Bus. Res. ( ) Other Federal (Specify)
 
C 	 Address Uniyrsiyty of Utah 
()County (Specify) 
_______________________ 
Salt Lake City, 
Utah
 
()Municipality (Specify).
84111 
P9 Other (Specify) Bendix Corporation 
1I 	Please indicate on the map below the approxiniate boundaries E. Indicate the data or maps computerized.

of the computer composite mapping activity (past or present)

of which you are aware. Please use one questionnaire per ( ) Soils ( ) Land Use ( ) Social

study 
 () 	Geology ( ) Transportation ( ) Economic 
Vegetation ()Water M> Other (specify) ERTS 
F. 	Indicate new data or maps created or composited
 
ptimal 

Constraints to Development ) Statistics
 
Social Indicators Other (Spci fy)
 
H d- OSSTHE UNIT STATES ERTS
 
) O( Location 	 ( ) Economic Indicators 
a'G 
 Inwhat form were the data encoded?
 
Cell () Point ( ) Polygon ( ) Tabular k) Other ERTS
 
H. 	What map scale was used?
 
I 500,000 ) 1I 250,000 ) I1 1,000,000 C) I 24,000
 
Other (specify)
 
I. What is the minimum area of the polygon or cell encoded?
 
ZC4 One acre ( ) I0 acres ) 40 acres ( ) 640 acres
 
( ) 
Other (specify)
 
IliI.	Please provide the following information for the study J. Date work was Initiated. 1976
 designated on the map. 
 Date work was completed. 1977
 
A. 	Name of the study area. test sites across U.S. K. What computer software was usel? RAP
 
o
What computer hardware was used (i.e., IB1 370?) ITNTVAC lQ&..
B. 	Name of organization doing computer work: 
 3FflR f r 	 Who owns the computer hardware? (Orqanization) Ulniv ot Utah
 
Bendix Corpo. 	 (Location) Snit Lake City 
C. 	Tpe onforganization: ( Private Business 
 () Federal Agency L. Other comments (attach information as desired)
iueck onej State Agency M
iunicipalit~y 
___________________________________ 
County ( ) University
Other (Please specify) 
 IV. Please list or attach names and addresses of other individuals you think
 
should receive this questionnaire.
 
Please return this questionnaire to: Doug Mutter, Federation of Rocky Iountain States
 
2480 West 26th Ave., Suite 300B, Oenver, CO 80211
 
I 
NAIO NUS 	 Oiecoiber 19/6 
COM1PUTER MAPPING 
iACKGROUNVI) 	 . Organization the work was done for: ( ) U S. Bureau of Land tlanagement 
(Check One) 	 VX)S. Foret Service
A. Your Nom Gary Rocksnpri 	 ( ) U 5 S. Fish & Wildlife Service 
State Agency (Specify) ( ) U.S Bureau of Reclamation 
B Vour Organization 3u, ECOn. 4 BUS. Res. ( ) Other Teeral (Specify) 
C. Address University of Utah
 
Salt Lake City, Utah
 )Municipality (Specify)
 
84111 
Other (Specify)
 
t;. 	Please Indicate on the map below the aporowimare boundaries E. Indicate the data or maps computerized:
 
of the computer composite Mapping actvity 	past or present)
 
of which you are aware. P1ease use one questionnaire per (P)So Is 	 SC I Land Use ocial
 
study. ()0Geology ( ) Transportation * Economic
 
( Vegetation (4 Water CIOther (Specify) ____
 
a. F. Indicate 	new data or maps created or composited. 
(d Optimal Location 	 (X) Economic Indicators
 
(4 Constraints to DOvelopment [) Statistics
 
THE()S 	 Sccial Indicators ) other (Specify) 
G. 	In what form were the data encoded?
 
n (j Cell ki Point kc) Polygon c$Tabular X) Other Digitized 
H. What map scale was used?
 
kA&1.500,000 C Y l.2O0oo C) 11,000,000 ( ) I 4000 
Other (specify)
 
1. What is the minimum area of the polygon 	or cell encoded?
 
( ) One acre ( ) 10 acres ( ) 40 acres ( ) 640 acres
 
t- Other (specify) 2 Sq. 	Miles Approx. 
I, 	Please provide the following information for the study J. Date work was initiated: 1974 
desl nated on the map. Date work was completed 1976 
A. 	Name of the study area, all USA K. What computer software was use,l? Resource Analysis Proc. (RAP) 
What computer Ihdware was used 0.e., 19M 3?) UNIVAC 1108B. flame of organization doing computer work: IEAR 	 Who owns the computer hardware? (01qanl 7ation) -Univ. ofutajl 
(Location) Salt Lake CityFt. 	Collin ts CC 
C. 	 eof oranization: ) Private Business () Federal Agency L. Other comments (attach information as desired)
 
S oState Agency ( Hunicipallty
 
County ( ) University
 
Other 	(Please specify) IV. Please list or attach names and addresses of other Individuals you think
 
should receive this questionnaire.
 
Please return this questionnaire to Dou9 Mutter, Federation of hocky tcuntain States
 
2430 West 26th Ave., Suite 300B, denv*0 60211
 
OUES IONNAII(L 	 DeteiflO l 19)6 
-OrIPUTER 	 t_. l 
I. UACKGI(OUNU 	 . Orgoanlzation the work was done [or. ( ) u S. Bureau of Land anareniot 
A. 	Your tharme John 8. PLes ' (Check One) ( ) U S rarest Service 
A._ _John Your_B._U.S home Fish r Wildlife Servce 
C) State Agency (Spcc=fy) ( ) U.S Oureau of Retlamtion 
a a6. Your Organ[zator, Program Planning Division, Economic *)d Other Fedoral (Specify)d Development Adm. ( U u.S. Dept. of Commerce 	 _5BE omm-acDe21pt._ 
SCC. 	 Addres 
 ) County (Specify)
 
Room 1600. Main Commerce Bldg.
 
r Washington, D.C. 20230 	 ) Municipal~ty Specify 
I) 	 Other (Specify).
 
11. Please indicate on tle map below the aroiatc boundorics E. Indicate the data or maps computerized,
 
IC' of the computer composite mapping activity past or present)
 
of which you are aware, Please use one questionnaire per ( ) Soils C ) Land Use ( ) Social 
study. Geology C ) Transportation (X)Economic 
Vegetation C)Water 	 ( ) Other (Specify) ____ 
F, Indicate new data or maps created or coposited. 
Optimal Location Econonic Indicators 
Constraints to Development C) StatisticsSocial Indicators 	 hpOthcr gSfOC;f ) 
H 	 rent and trend 
ON0. 	 Inwhat form were the data encoded? 
. ) Cell ) Point ( I Polygon (d Tabular ( ) Other 
.CFsus Bur. County Business Patterns tapes 
C'( 	 ) 1!500,000 ( ) 1.250,00 1 1,000,00 C) 1 21,o00 
Cx) Other (specify) 1:1.000,00(3 foT states; 1:5,000,00 for U.S. 
I. W/bat 	Is the Minivm area of the polygon or cell encoded?
 
( ) One acre ( ) 10 acres ( ) 4D acres 640 acres 
F(x) (specify) apprOX. sq..milesOther 	 4 
III, Please provide the fol lowing information for the study J. Oate work "as initiated 10-76 
designated on the map Oate work was competed.NQt lete.Maior stud1 May take sev.yrs.UrECO yMayCS-I
Query ProMaS 
A. 	 rNameof the study area- Coterminous 48 states K. coputrIhatsotwr was uxed? Qlik 
9.gameof r computer was used tam iIY&11f8orgaflatiOn doing co wWhat 	 haidware (i.e.. 370?) 1 
R. liaimeo otanlztndoinP computer work, A ffic Who owns the cowusor hardware? (Orq'an z£aton) Ii £ Dep-. of.CnmmOrce 
(Location) _Waglingtin, D.C.of Economic Research 
C. type of Or anization: ( ) Private Business N) Fedora? Agency L. Other comments (attach information as desired) (see over)
ttck one)( State Agency Muntiicipaity __________________________________ 
county ) University
I ) Other (Please specify) IV, Please list or attach names and addresses oF other individuals you think 
shou)di receive this questionnaire. &. on CIS Release List. 
Please return this questionnaire to: 	 Doug lutter, Federation of Rocky iHountain States
 
24i30 West 26th Ave., Suite 3008, denvet. CO 80211 ATTACHMENT
 N
11ATAM 

This large and potentially long-range project to map the distribution of
 
American industry is beginning to fill large and previously conspicuous
 
blank areas in our knowledge of this subject since no study of this scope
 
has been undertaken before. Within this broad framework, the priority
 
of the study's various segments is being kept flexible, with first attentio
 
being paid to the present distribution of industries at the two-digit SIC
 
Code level. Later stages will probably include mapping all or selected
 
industries at the three and four-digit levels, and maps depicting the
 
shift in industrial location over a recent time period like 1970-1974 using
 
net industry employment changes or such techniques as shift-share analysis
 
to isolate the competitive advantage component of such changes. These
 
maps on a national, regional, or statewide level should be of great use to
 
EDA's regional and district offices, as well as to state and local planning
 
offices. The prediction of future industrial patterns and the identificati
 
of underutilized optimal industrial locations are promising future
 
analytical possibilities.
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_____ 
_________________________________ 
QUESTI* RE Page 2 of 3 Decem 1976 
COMPUTER MAPPING Ja 2, 	 1977 
I. 	 BACKGROuND D. 	Organization the work was done for. ( ) U S. Bureau of Land Management
A. 	 Your Name John B. Fieser (Check One) 	 ( ) U S Forest Service 
A. 	 our ame John n BIFe e U S. Fish & W ildlife ServiceProgram Plannin Div.. Economic Development Admin ( State Agency (Specify)()U.S. 	 Bureau of Reclamation8. 	 Your OrganizationU.S. DepL of Commerce EXDOthere Dpt 
EDA, Comce DeptC. 	 Address Rm 6100, Main Commerce Building 

Washington, D.C. 20230 C County (Speci fy)
 
C 	Municipality (Specify) 
Other (Specify) 
II. Please indicate on the r:ap below the approximate boundaries E. Indicate 	the data or maps computerized.

of the computer composite mapping activity past or present)

of which you are aware. Please use one questionnaire per ( ) Solis ( ) Land Use 
 C) Social 
study. Geology ( ) Transportation Economic 
Vegetation ()Water C)Other (Specify) 
F. 	Indicate new data or maps created or composited 
O Location E Indicators)ptimal 	 )conoi.cI 	 Constraints to Development ()statistics
 
lSocial 	 Indicators Other (Speci fy) 
Go Commuting pattern dnita 
I t. In what form 	were the data encoded?
 
Cell ( ) Point ( ) Polygon (]{Tabular ( ) Other 
Specially compiled tapes.
H. 	 What map scale was used? 
) 	I500,000 ( ) 1.250,000 ( ) 1.1,000,000 ( ) 1.24,000 
Other (specify) 1:5,000,000 
I. 	I/hat is the minimum area of the polygon or cell encoded? 
One acre ( ) 10 acres ( ) 40 acres ( ) 640 acres 
KU Other (specify) approx. 65 sq miles 
III. Please 	provide the following information for the study 
 J. 	Date work was initiated. July 1976designated on the map 
 Date work was completed-
A. 

-' L 	 Univac 18 Exec VIII, CMS-I,
A. 	 Name of the study area: Coterminous 48 states K. 	 What computer software was use'? Onhek Ouerv ProgramNhat computer hardware was used (i.e., IBtl 370?) Univac 1108
B. 	 Name of organization doing computer work .EDA Office of Who owns the computer hardware? (0rqan zat ion) U.S. Dept of Commerce 
Economic Research (Location) Washington. D.C. 
ofoOranization.C. hTyPe 	 () Private Business )M Federal Agency L. Other comments (attach 	 information as desired) (See over)ineck one) 	 State Agency MIunicipality 
County ( ) University
Other (Please specify) IV. Please list or attach names and addresses 	of other individuals you think
 
,hould 	 receive this__iet___ 
__ __ All on 

Please return this questionnaire to: Doug Mutter, Federation of Rocky Mountain States
 
24bO WSL 26th Ave., SuiLi- 300B, 

_ _ _ CMS 	release letter list 
Ocvil. 	 LO 80211 A'I'TACIIMINT 
This project was a series of eleven U.S. maps, including four composites, of
 
suburban population and commuting patterns surrounding all SMSA's These maps
 
were in support of research being conducted by Dr. Larry G. Ledebur, an EDA
 
Visiting Scholar.
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QIJES InUT IRE Page 3 of 3 Decomi1976 
CoUtRopJIG an.Y , 1977 
I UACKGROUND 
A. Your Name John B. Fieser 
Program Planning Div. , Economic DevelopmentB. Your Organization TS. Dept of Commerce
_____________________ 
C. Address Rm. 6100, Main Commerce Building
Washington, D.C. 20230 
1I Please indicate on the map below the approximate boundaries 
of the computer composite mapping actLivity (past or present)
of which you are aware. Please use one questionnaire per
study. 
0, 
-
I E N I. 
OCr( 
M 
Ill. Please provide the following information for 
designated on the map. 
A. Name of the study area. Coterminous 
the study 
48 states 
B. 	 Name of organization doing computer work EDA, 
Economic Research 
C. 	Type of oranization C ) Private Business INX) 
nCheckone) ( ) State Agency ) 
County ( ) 
Office of 
Federal Agency 
Sunicipality 

Other (Please specify) 

Please return this questionnaire to: Doug Mutter, Federation of Rocky

2460 West 26th Ae., Suite 3000, 
University 
Admin. 
D. 	 Organization the work was done for 
(Check One) 
) State Agency (Specify) 
) County (Specify) 
Municipality (Specify) 
Other 	 (Specify) 
E 	 Indicate the data or maps computerized 
( ) Soils ( ) Land Use 
( ) Geology C ) Transportation 
Vegetation ()water 
C ) U S. Bureau of Land Management 
C ) U.S. Foiest Service) U.S Fish & Wildlife Service
 
( ) 	U S Bureau of ReclamationEDA Co erce Dept.(X)Other Federal (Specify)
 
F. 	Indicate new data or inaps created or composited 
( ) Optimal Location ( ) Economic Indicators
Constraints to Development C) Statistics 
() Social IndicaLors Other (Specify) 
Employment expansion data. 
Inwhat form were the data encoded? 
C)Cell C)Point ()Polygon VU Tabular ()Other
Data source: Bureau of Economic AnalysisH. 	What map scale was used?
 
) I1 500,000 ( ) 1:250,000 ) li,000,OOO ( ) 1 24,000 
. Other (specify) 1:7,000,000 
I What is the minimum area of the polygon or cell encoded? 
One acre ( ) 10 acres ( ) 40 acres ( ) 64O acres 
Other 	 (specd fy) approx.140 sq. miles 
J. 	Date work was initiated December 1975 
Date work was completed 
-Septmher1976
 
K. 	What computer software was used? Univac 1108 
What computer hardware was used (i.e., lDl 37()) 
( ) 	Social 
Economic 
C)Other (Specify) 
_____ 
EXEC VIII CMS-I 
Univac 1168 
Who owns thd computer hardware? 	 (Orqanization)U. S. Dept. ot Commerce 
(Location) Washington, D.C. 
L. 	Other comments (attach information as desired) (See over) 
(See 	over)
 
IV. Please list or attach names and addresses of other individuals you think 
should receive this questionnnaire All on CMS release letter list. 
tlountain States
 
denver, CO 80211 ATTACHMENT 
This project consisted of a series of three published maps of the U.S. which
 
show the estimated employment expansion required to achieve or maintain a
 
full employment level of 4% unemployed for the years 1975, 1980 and 1985.
 
Since the data were compiled by state, a small published map format was possible
 
A copy of this set is attached asan example of one of the simplest but quite
 
useful forms of CMS output.
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__ 
__ 
QUESTIONNAIRE 	 December 1916 
COMPUTERI
 
I 1ACKbIROUND D. 	 Organization the work was done for: ) U S. Bureau of Land Management'
A Your Name Roger R. Chamard (Check One) XQ(;C U S. Forest Service( ) U S. Fish & Wildlife Service 
State Agency (Specify) ( ) U S Bureau of Reclamationo 0 B Your Organization 	 U.S.F.S. Geometronic Service Center ( ) 	 Other Federal (Specify)
,:zJ~ 
_C Address 350 S. Main, Room 310S Salt Lake City, Utah ) County (Specify) 
8 ) Municipality (Specify)
84101J C) Other (Specify) 
IL. Please indicate on the map below 	 the approximate boundaries E Indicate the data or maps computerized.

of 	 the computer composite mapping activity (past or present) 
of which you are aware. Please use one questionnaire per 
 (x) SoI Is C) Land Use ( ) Social 
study. 	 ( ) Geology X) Transportation ( ) Economic 
Cx) Vegetation ( ) Water ()Other (Specify) 
_____ 
F. 	Indicate new data or maps created or composited 
(X) 	 Optimal Location ( ) Economic Indicators 
Constlairnts to Development (X)Statistics 
; 'H ( ) 	 Social Indicators ( ) Other (Specify) 
G. 	In what form were the data encoded? 
Cx)Cell ( Point tC3 Polygon ()Tabular C)Other____ 
H. 	What map scale was used?
 
1 500,000 C ) 1:250,000 C ) 1.1,000,000 (2 1'24,000 
Other (specify) 
I. 	What Is the minimum area of the polygon or cell encoded? 
One acre () 10 acres C ) 40 acres ( ) 640 acres 
Other (specify). 
Il. Please provide the following information for the study J. Date work was initiated. 
designated on the map Date work was completed:
 
A 	 Name of the study area Production Work K. 	What computer software was used?_ 
B. Name of organization doing computer work. Fort Collins 	 WhaL computer hardware was used (i.e., IDn 370?) 
Who owns the computer hardware? (Orqanization) 
USDA Computer Center (Location) 
C. 	 Type of organization. ( ) Private Business (X) Federal Agency L. Other comments (attach information as desired)uneck onej ( ) 	 State Agency ( ) Municipality 
County ( ) Univeisity 
Other (Please specify) IV.Please list or attach names and addresses of other individuals you think 
should receive this questionnaire. 
Please 	return this questionnaire to. Doug Mutter, Federation of Rocky loqntain States
 
24b0 West 26th Ave., Suite 3000, denver, CO 80211
 
I 
-

QUESTI IRE 	 I 1976
 
COMPUTER pp 
 3NG
 
1. 	8ACKIOUND 
 D. 	Organization the work was done for ( U.S. Bureau of Land Management 
(Check One) ( U S Forest ServiceA. 	Your Name 
 ( U.S Fish & Wildlife Service 
State Agency (Specify) ( U.S Bureau of Reclamation 
U. 	Your Organization Other Federal(Specify)
 
C. 	Address
 
County (Specify)
 
Municipality (Specify) 
Other (Specify)
 
II. Please indicate on tilemap below the approximate boundaries E. 
Indicate the data or maps computerized.

of the computer composite mapping activity (past or present)

of which you are aware. Please use one questionnaire per 
 ( ) 	Soils ( ) Land Use ( ) Socialstudy. 
 ( ) 	Geology ( ) Transportation C) Economic 
Vegetation ()Water C)other (Specify)
_____ 
F. 	Indicate new data or maps created or composited
 
Optimal Location ( ) Economic Indicators 
Constraints to Development C) Statistics 
C)Social Indicators 	 C)Other (specify)
 
G.
ur 	 In what form were the data encoded? 
( ) Cell ()Point ()Polygon ()Tabular ( Other 
Hi. What map scale was used?
 
) 	 5000000 ()1250,000 )1:1,000,000 ) 240oo 
() Other (specify) 
I. What is the minimum area of the polygon or cell encoded?
 
S( 
 ) One acre ) 10 acres ( ) 40 acres ( ) 640 acres 
Other (specify)
 
Ill. Please provide the following information for the study 	 J. Date work was initiated'
 designated on the map. 
 Date work was completed.
 
A. 	Name of the study area: 
 K. 	What computer software was used? 
B. 	Name of organization doing computer work._Who What computer hardware was used (i.e., IBM 37n?)
 owns thel computer hardware? (Orqanization)
 
(Location)
 
C. 	Tye of oryanization' ( ) Private Business ( ) Federal Agency
v.neck one) L. Other comments (attach information as desired)( ) State Agency C) Municipality 
County ( ) University
Other (Please specify) 	 IV. Please list 
or attach names and addresses of other individuals you think
 
should rece ive this ques tionna ire
 
Please return this questionnaire to: Doug Mutter, Federation of Rocky tiourtain StaLes
 
2460 West 26th Ave., Suite 300B, denver, CO 80211
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Participants:
 
The year 1976 was one of change and challenge for Arizona.
 
The continued growth in relation to current and potential
 
shortages of energy and minerals, together with conflicts
 
between competing users of land and water resources, well­
founded public concern about the environmental consequences
 
of resource development and the needs of a population
 
growing both in numbers and expectations for an improved
 
standard of living and a bet.ter quality of life, demand
 
ever increasingly complex scientific information, regarding
 
Arizona.
 
This program has opened significant trends in computer
 
applications of satellite data which will serve numerous
 
applications in State agencies in the future.
 
X am pleased to present the highlights of this project on
 
the following pages.
 
After reading this report on the progress of this project,
 
including some expectations for the future, I feel that
 
you will be able to more fully appreciate the exciting
 
potential of Arizona's future mapping capabilities.
 
Respectfully,
 
Neal G. Trasente
 
Director
 
INTRODUCTION
 
As Arizona continues to grow and develop in a country of shifting natural
 
policies and economic demands, increased pressures are being placed on
 
development of her natural resources by an expanding population accustomed
 
to a well advanced standard of living.
 
Across the state, continuing growth is having an important, yet not always
 
beneficial impact on significant natural resources needs. Expanding
 
domestic energy, housing and transportation development, along with
 
increasing social needs have resulted in an escalation and intensification
 
of resource development and conservation conflicts that now affect all
 
levels of government.
 
A few counties have initiated programs to identify, designate and manage
 
land areas they have deemed to be critically important, including natural
 
hazard lands, renewable resource lands, and fragile or significant natural
 
or historic resource areas. Other states are now developing these types
 
of programs or have them under study.
 
Arizona and its local governments have discovered during attempts to develop 
a more responsive partnership for resource planning and management that they 
lack sufficient institutional and technical tools to accomplish their 
objectives. 
Since the decade of the twenties, it has become increasingly apparent that
 
local zoning was sometimes ineffective or negative. It protected homogeneous
 
areas and land values for certain interests, but confined other wealthy areas
 
where barriers to social and economic mobility existed. Political expediency,
 
not community goals, were often the basis for decision-making. Since planning
 
was seldom comprehensive or regional, but single-purpose (zoning, transporta­
tion, sewers, etc.), each set of decisions affected other sectors of the
 
urban system often in a non-supportive way. As the areal extent of urbaniza­
tion increased, the multiplicity of jurisdiction and overlapping districts
 
created unresolvable conflicts because of diverse, non-existent or un­
coordinated efforts in decision-making of regional impact.
 
It becomes apparent that land is a resource. If it is consumed, it is not
 
renewable: depletion of the soil, erosion, bulldozing, strip mining, dredge
 
and fill all exemplify this. If instead, the land is utilized as a renewable
 
resource, it can be conserved by wise management to benefit a wide range of
 
public interest needs.
 
Use of the land is the focal point for development of a framework to compare
 
alternatives for achieving desired goals.
 
Public concern about the use of some land may be clear now, but areas of
 
future concern and land use conflict require more than a crystal ball to
 
deduce. Decision-makers need to consider all components of the present and
 
future environment in order to make responsible plans.
 
i 
.One of the seemingly insurmountable problems involved with using available
 
information is that it is often in such widely varying formats that it is
 
almost impossible to untangle and use it to some basis of inter­
compatibility.
 
CMS-II (Composite Mapping System-Two) has been developed by the Federation
 
of Rocky Mountain States, Denver, Colorado. This computer program is
 
designed to automatically retrieve, analyze and display diverse social,
 
economic, physical and natural resources information for specific segments
 
or "cells" of land. It can mix virtually any kind of information, weigh
 
its importance, analyze the weighted data and produce easily read maps of
 
the composited results.
 
The CMS-II program, together with Landsat Satellite image data form the
 
future tool for land use planners for decision-making based on accurate,
 
current land use inventories.
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1.0 The Project Areas
 
1.1 Location
 
Attached as Figures 1 through 4 are reduced orthophotoquad and
 
topographic maps of the four 7 1/2 minute quadrangles selected
 
for this project. All are located in and along the edge of the
 
Phoenix metro area. The four quadrangles (each at 1:24,000
 
scale) 	are (1) Hedgpeth Hills, (2) Tolleson, (3) Paradise Valley
 
and (4) Tempe. The principal test quadrangle is Hedgpeth Hills.
 
1.2 Characteristics
 
The Hedgpeth Hills area was selected (by ARIS) for its urban 
discipline demonstration area because of the diverse types of
 
urban and non-urban surroundings which must be accounted for and 
because it exhibits many of the dynamics of rapidly urbanizing
 
areas.
 
These changes from irrigated agriculture to urban, industrial 
and transportation corridor uses are of deep concern. In order
 
to rationally address these concerns, basic information must be
 
assembled for land use and cover classification, delimitation of
 
urbanized areas, analysis of change at the urban fringe, identi­
fication of non-urban land within the urbanized area, location
 
and measurement of developed land, delineation of flood prone
 
areas and examination of land interfaces.
 
1.2.1 	 Hedgpeth Hills as the test quadrangle exhibits many factors 
which will influence land development. This report could 
not consider all of them and two omissions should be
 
mentioned. The first is state and local tax policy. Tax 
policy will affect land utilization in important ways, but
 
complex economic relationships are involved which are
 
beyond 	the scope of this report. The second is the use
 
of public lands. The policies adopted by state and federal
 
agencies for the public lands in Arizona will affect not
 
only overall state land planning but also the development
 
of private lands in the state. Some of the ways in which
 
management of these lands affects land use planning are 
discussed in this report, but no attempt is made to explore 
the legal constraints which control the acquisition, use
 
and disposition of the land by the state and federal 
agencies.
 
Any examination of the legal framework of land planning 
must acknowledge the existence of substantial questions
 
regarding the lawful scope of land use regulation. The 
line between permissible regulation of property and
 
unconstitutional taking of property rights is a dim one. 
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When the primary objective of land use regulations was
 
preventing one owner from using his property in ways
 
which cause direct, physical injury to others, (as in
 
the traditional nuisance approach), the constitutional
 
line could be drawn easily. But the public concept of
 
injury has expanded to include more subtle forms of
 
environmental and aesthetic harm and the public percep­
tion of the connection between injury and private land
 
use has grown to include complex social, economic and
 
physical relationships. In response to these expanded
 
notions of injury and causation, land use regulation has
 
increased in scope to reach aesthetic and social values
 
like architectural design review and open space

preservation.
 
1.3 Issues
 
The importance of land use planning and the means of providing
 
land use data is observed in the intense legislative activity
 
in this area at both the state and national levels.
 
This year the Arizona legislature has adopted a number of bills
 
dealing with state and local regulations of land use. On the
 
national level, the Congress is debating a measure which would
 
stimulate significantly greater state involvement in land use
 
planning. This legislative interest can be expected to continue.
 
2.0 Land Use/Cover Classification
 
2.1 Classification scheme
 
A primary objective of Arizona's involvement in the FRMS project
 
was to evaluate the ability of processed Landsat digital data to
 
discriminate subtle differences in land cover types. We wanted
 
to know the most detailed level of classification which could be
 
achieved. The Arizona Land Use Experiment (ALUE) of 1972 
produced an exhaustive classification system of land cover, 
natural resources and activities comprising over 500 categories.
The Phoenix locality was selected for the FRMS Landsat project 
because of logistical reasons, but also because it offered an
 
excellent representation of cultural, agricultural and natural 
resource types found in Arizona. The only major categories not 
found in the Phoenix area are the high elevation natural vegeta­
tion types, which will be evaluated by the more northern Rocky 
Mountain States. Figure S lists those categories of the ALUE 
classification system actually used in this project. 
2.2 Landsat Images
 
The output maps of the computer processed Landsat digital data 
were at a rectified scale of 1:24,000. Mapping units (Alpha-
Numeric characters) each represented 1.1 acres. This is more 
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Agricultural Lands (continued)
 
423.111 Grapes, Thompson Green
 
423.112 Grapes, Red
 
423.311 Citrus Tree Fruits, Valencia
 
423.312 Citrus Tree Fruits, Navel
 
423.32 Citrus Tree Fruits, Grapefruit
 
423.33 Citrus Tree Fruits, Lemons
 
423.34 Citrus Tree Fruits, Tangerines
 
424 Pasture
 
425.1 Fallow Cropland
 
425.2 Plowed Cropland
 
425.4 Abandoned Cropland
 
425.5 Harvested'Field CStubble, includes cropland open to grazing)
 
431.1 Cereal and Grain Crops
 
431.4 Sugar Crops
 
432.5 Cucurbits (Vine) Crops
 
432.8 Bulb Crops
 
435.2 Plowed Cropland
 
451 Beef Cattle (Other than Dairy; includes feed lots)
 
452 Horses
 
454 Dairies and Dairy Feeding
 
Residential, Industrial and Commercial
 
511.11 Permanent Construction, Non-Farm
 
RI I House/5 acres
 
R2 1 House/l-5 acres
 
R3 1 House/2.5 acres
 
R4 1 House/2 acres
 
RSa 1 House/l acre, Desert Landscape
 
R5b 1 House/i acre with Lawns
 
R6 2 Houses per acre
 
R7 2.5 Houses per acre
 
R8 1-2 acre Ranchettes
 
511.12 Farm Home, Ranch Home
 
511.13 Mobile Home on Foundation, not in Mobile Home Park
 
511.21 Duplex
 
511.22 Apartment
 
511.23 Condominium, Co-op, Townhouse, etc.
 
514 Mobile Home Parks
 
521 Food and Kindred Products
 
522 Textile Mill Products
 
529 Petroleum Refining and Related Industries
 
533 Primary Metal Industries CSmelting, Refining, Finishing)
 
539 Misc. Manufacturing, NEC, Industrial
 
543 Aircraft Transportation
 
548.12 Electric Generation Plants
 
553 Retail - General Merchandise
 
565.18 Cemetaries
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Residential, Industrial and Commercial (continued)
 
568.1 Nursery, Primary and Secondary
 
568.2 University, College, Jr. College
 
573 Amusements
 
574.11 Golf Course w/Country Club
 
574.16 Riding Stable
 
575.1 Resort
 
590 Vacant Urban Land, cleared for Urbanization
 
591 Rural Subdivided
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than sufficient resolution for regional land use mapping and is
 
generally adequate for most localized applications. A major
 
advantage of the Landsat data is i-ts timeliness. The accuracy
 
of the mapping unit classification was not as high as anticipated.
 
The types of errors encountered, however, indicated a good
 
potential for improvement. These problems are discussed in detail
 
in the section on verification results. Reduced copies of the
 
computer output maps are presented in Figures 6 and 7.
 
2.3 	Supplementary Sources
 
The versatility afforded by the data storage banks and composite
 
mapping capabilities of the CMS-II program are the essence of
 
practical application of Landsat data. The compositing system
 
can be used not only to improve the actual classification of
 
surface features, but can also be used to analyze defined problems
 
and simulate possible solutions.
 
Classification can be improved by inputing information to define 
"activity" categories or to supply information beyond the resolu­
tion capabilities of Landsat. In this manner, parks or cemeteries 
can be separated from pastures or meadows and different types of 
buildings can be distinguished. This approach is probably the 
best 	way to identify different densities of residential types too.
 
Other remotely sensed data can also be used to improve classifi­
cation. It is possible that thermal scan data can be used to
 
segregate trailers from bare ground, a frequent error in this
 
project. Also, because desert vegetation contributes minimal
 
information to th& sensor because its coverage is so sparse,
 
terrain features can be used to infer vegetation types. These
 
features include slope, aspect, elevation and substrate, which
 
can often be interpreted from Landsat images.
 
Section 4..0 in this report discusses the usefulness of the composite
 
mapping program for solving a land use analysis problem. Supple­
mentary data provided major input into this exercise. Topic maps
 
for land ownership, slope, flood hazard and, soil suitabilities
 
were composited by the computer with a Landsat classification map.
 
In the model used for the composite analysis, the utility of the
 
CMS-II program was apparent.
 
3.0 	 Landsat Data Utilization
 
3.1 	 Ground Truth for Signature Calibration of the Digital Landsat
 
Tape
 
3.1.1 Procedures and Problems 
Selecting the ground truth sites necessary to evaluate the
 
discriminatory capabilities of Landsat digital data involved
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identifying in the field as many of the different classi­
fication categories as could be located. Although this
 
might appear to be an overkill approach, ARIS felt this
 
type of information to be critical in considering future
 
applications of Landsat technology. We wanted to know
 
exactly what general categories could be distinguished
 
and what level of detail within these categories could be
 
achieved.
 
Ground Truth Procedure
 
Field 	personnel were selected with strong botanical back­
grounds and experience in ecological field work. This
 
criteria was used partly because a considerable amount of
 
the test area would be classified as natural resources,
 
but also because ecological background provides experience
 
in observing diagnostic changes between mapping units.
 
Photo-interpretation background was also a prerequisite. 
Less emphasis was placed on urban planning experience
 
because training site selection consisted only of assigning
 
land use types to the proper category in the legend. The
 
situation was similar for agricultural categories. Due to
 
the transient nature of seasonal field and truck crops, it
 
was necessary to interview the farmer to secure the required
 
information for the four dates being considered. Because
 
the majority of farmland in the Phoenix area is leased and 
changes hands periodically, we had to work with the county

extension agency to locate farmers who could provide

reliable information.
 
The field mapping procedure consisted of driving around the
 
selected quadrangles and locating "representative" examples
 
of different categories. Prior to field work, important
 
land use and cover types for the test area were listed from
 
the legend and actively sought in the field. If an adequate

training site for a particular category could not be found
 
in one of the selected quads, sites in adjacent quads were
 
used. Figure 8 indicates all of the quadrangles used in
 
this project.
 
Once a potential training site was located, it was delineated
 
on the 7 1/2 minute orthophotoquad. An orthophotoquad is
 
a rectified composite of high altitude black and white aerial
 
photography which is planimetrically matched to a standard
 
USGS 1:24,000 scale topographic quadrangle. Current U-2
 
Color Infrared positive transparencies were used in con­
junction with the orthophotoquads, especially for identifying
 
recent cultural changes and for locating potential training

sites for natural resources. For the detail of information
 
a 	 recorded at each site for this project (see Figure 9),
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larger site which exhibits all or most of the variations.
 
We believe the multiple training site approach to be
 
preferrable because it allows a stattstical analysis of
 
each component of the variation, rather than an un­
decipherable composite.
 
Although limited in this project for logistical reasons,
 
more emphasis should be placed on refining training sites
 
from the computer generated statistics. This is a
 
relatively inexpensive part of the computer analysis, and
 
many of the heterogenous elements within training sites can
 
be identified. Since the range of variation within training

sites is indicated, some potential errors of commission can
 
be avoided. Experience shows that a strong positive

correlation exists between good training site statistics
 
and good mapping results. During the evaluation of training
 
site statistics, it is important that the field man and the
 
computer analyst work together. Many obvious observations
 
to the field man are not at all apparent to the computer
 
man. As an example, the general level of classification
 
achieved in this project strongly indicated that such
 
categories as types of melons and types of cotton probably
 
could not be separated by the computer program even though

it could statistically discriminate between them. The
 
differences were obviously attributable to discrepancies
 
in the training site input, such as one of the fields having

been recently irrigated. Combining such categories would 
have reduced the cost of the actual mapping process because
 
of fewer categories which would increase the accuracy as
 
well. Other computer programs have the capability to
 
determine which combination of the multi-spectral bands
 
provides the greatest discrimination for each type. This
 
is a desirable sub-routine.
 
Because the reflectance values for each pixel within the
 
training sites were averaged, the inclusion of portions of
 
another type in the borderline pixels can significantly
 
affect the overall signature of a training site. For
 
example, consider the effect of a narrow strip of blacktop

and road right-of-way along one border of an agricultural

field. We recommend that once a training site has been
 
delineated on a map, the actual boundary be recessed at
 
least the width of one pixel (about 200 feet or 1/10 inch
 
on a 1:24,000 scale map).
 
A problem specific to agricultural training sites relates
 
to the tremendous influence that common farming practices
 
exert on the reflectance of a particular field. Irrigation
 
is an obvious example. Even if exact dates of watering are
 
known, which they rarely are, changes in relative humidity
 
can draw water back to the surface for days afterwards.
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Figure 	9: Supportive Data Recorded at Ground Truth Sites
 
1. Residential Classes
 
a. Type of Dwelling (Trailer, house, apartment, other)
 
b. Construction Materials (Metal, wood, stone or brick)
 
c. Roofing Material, light or dark color, predominant angle
 
d. Type of Landscaping 	(Desert or irrigated)
 
e. How well established, presence of trees, etc.
 
f. 	Other Information - Presence of swimming pools, recent blacktopping,
 
of roads, etc.
 
2. Agricultural Classes
 
a. Type of crop and previous crop for seasonal classes
 
b. Exact appearance of 	field at time of overpass
 
(Height, foliage color, presence of bloom or fruit,
 
estimated coverage)
 
c. Watering method, type of water, dates, soil color
 
d. Direction rows are planted (azimuthal angle)
 
e. Width of furrows or 	spacing of trees
 
f. Approximate age of tree crops
 
g. General vigor, approximate yield (i.e. good or bad crop)
 
h. Differential growth 	across field
 
i. Inclusions (undergrowth in orchards, weeds in field crops) 
3. Natural Vegetation
 
a. Dominant species 
b. Estimated cover, vigor, height (shadows) 
c. Aspect and slope 
d. Substrate color, amount of surface rock 
e. General distribution (uniform or clumped) 
f. Disturbance (Roads and trails) 
g. Erosion evidence, especially note signs of standing water
 
h. Other inclusions - Drainage way density, swales, etc.
 
NOTE: 	 If aerial photos are being used for collateral information, it is
 
good practice to try and account for differing image characteristics
 
(colors, tones, textures, etc.)
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Date Personnel Location
 
Topo. Map Orthoquad Field No.
 
Vegetation Classification Field Final 
%Cover Estimate Species Prom. Coy. I. 100 
Trees 
shrubs, cacti 200/300 
Veg. Cover 
Litter 
Rock 
Bare Grd. 100% 
400 
II. Landform 
III. Geology 
Annual Spp. %Cov. IV. Soils 
V. Slope 
Barren Lands Aspect 
Drainage Density 
Elev. 
Macro-Relief 
Soils Data 
Horizon Depth Color Texture Structure %Coarse HCI 
t 
ther Comments: 
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It is essential to be in the field the day of the overpass.
 
Selecting training sites the following year totally pre­
cludes any assurance of homogeneity due to extraneous
 
causes. It is even difficult to establish the exact date
 
of cropping changes. If the overpass date is near any of
 
these seasonal changes, such gross errors as whether the
 
field was in full bloom, harvested or even recently plowed
 
can 	occur. All of these problems can be alleviated by
 
planning ahead to be on-site the day of the overpass.
 
3.1.2 	 Summary of Time Required per Unit Area
 
Approximately 1 man-month was spent in the field delineating
 
training sites and collecting field information. This
 
included minimal classification considerations, completing
 
all 	field work and records and recopying maps. Nearly 200
 
potential training sites were visited, representing virtually
 
all 	types on four 7 1/2 minute quads at a 4th and Sth digit
 
level of the ALUE classification system.
 
The 	minimal area ground truthed in the four test quadrangles 
was 	 about 250 square miles. Applied only to the project 
area, the entire process required about I man-day per 10
 
square miles. However, this training data could be readily
 
extended to the entire Phoenix valley (3000 square miles or
 
I man day per 100 square miles) and perhaps with modest 
additional work, could be extended to a very large part of
 
central and south-cehtral Arizona (approximately 50,000
 
square 	miles). There are, of course, other cautions to be
 
considered when covering such vast areas and some of the
 
time per unit area rates may not be absolutely linear, but
 
the 	utility of the Landsat system is certainly directed
 
towards very large areas.
 
An additional 2 weeks was spent cataloging photographs,
 
cross referencing field forms, studying high altitude
 
photography and preparing visual aids. This work was a 
prelude to the verification process.
 
3.1.3 	Suggestions for Standardizing and Improving Ground Truth
 
Procedures
 
a) 	Careful selection of field personnel who represent all
 
areas of required expertise including some background
 
in Landsat technology and are familiar with the
 
project area should be made.
 
b) 	Legend categories should be carefully defined by the
 
combined efforts of the field personnel and supervisor.
 
A field form should be prepared.
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c) 	One individual should be assigned the task of reviewing
 
all field forms and classifications for consistency.
 
Decision criteria must be developed as problems arise
 
and immediately circulated among the field personnel.
 
d) 	Time should be allowed for preliminary field work,
 
both to refine the legend definitions and to evaluate
 
personal biases among the field personnel.
 
e) Important categories in the legend should be noted­
prior to field work to insure they are not omitted.
 
Aerial photography can be used to locate many potential
 
training sites. If necessary, names of reliable
 
farmers should be secured from the extension agent.
 
Travel routes should be planned prior to going in the
 
field to minimize the need for return trips to the
 
same area.
 
f) 	Both color infrared high altitude photography (for
 
natural vegetation and agricultural sites) and natural
 
color photography (for substrate delineations) should
 
be used as very useful supplementary data sources, but
 
not to replace on-site observations except in unusual
 
circumstances. 
g) 	 Training sites should be transferred to the topographic 
base map if available either from orthophotoquads or
 
with a zoom transfer scope. Orthophotoquads should be
 
used as the base map if topographic maps have-not been 
produced in a given area. Boundaries should be recessed
 
the width of one pixel to avoid inclusion of adjacent
 
types.
 
h) 	Photographs of training sites taken in the field are
 
useful. Both color slides and black and white prints
 
are recommended.
 
i) 	Individual training sites should be homogenous, but a
 
sufficient number should be provided to define the
 
range of variation within the type.
 
j) 	More emphasis should be placed on refining training
 
sites from the computer generated statistics. The
 
combined efforts of both the field man and the
 
computer analyst will provide the best results.
 
k) 	Different combinations of the four spectral bands
 
should be evaluated to determine the best combination
 
for defining each training site.
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1) 	Field work should precede, be concurrent with and
 
validate the satellite overflight. The dynamics of
 
most areas preclude adequate training site selection
 
subsequent to the overflight. It is essential to be
 
in the field the day of the overflight to determine
 
the exact status of agricultural sites, temporal water
 
types, construction completion, percent utilization of
 
parking lots and similar variable considerations.
 
m) 	 Budget permitting, an aerial survey in a small plane 
is very useful for verifying final delineations and,
 
homogeneity of training sites. If the flight is well
 
planned, 2000 square miles can be covered for $200 to
 
$300.
 
n) 	The use of a Landsat spectral radiometer might also be
 
explored.
 
3.2 Verification of Landsat Maps
 
3.2.1 Verification Procedure
 
Arizona's approach to verification of the Landsat map
 
accuracy differed radiacally from the FRMIS recommendations 
and "V' forms. After an initial attempt to locate randomly 
distributed 10 acre sample plots failed, we realized the 
impracticality and the potential erroneous results of this 
method. 
The 	most accurate technique for locating a pixel-on the
 
base map is to align both the Landsat map and the topo­
graphic sheet boundaries on the light table and then
 
stick a pin through from the Landsat pixel to the base
 
map. Arizona has the advantage of using orthophotoquads
 
for this procedure which enhances the probability of
 
,locating the exact place in the field. We discovered that
 
the pinhole could belong to any one of 2 or even 4
 
immediately adjacent pixels. Even using a "pixel" grid
 
(582 square/mile), it was difficult to ascertain precisely
 
which pixel the pinhole was in because there was no exact
 
reference between the computer map and the base map for
 
aligning the grid. Thus, it was virtually impossible to
 
positively determine if a particular row of pixels actually
 
overlapped into the adjacent type, or if a small group of
 
trees in a meadow truly accounted for the different mapping
 
symbol. The problem is analogous to determining the legal

description of a small farm pond without surveying instru­
ments. An additional confounding factor results from the
 
possibility that pixels for the four dates used were not
 
exactly registered.
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The significance of this problem was clearly observed during
 
the verification process in Hedgpeth Hills. There was a
 
horizontal row of 6 pixels coded as basalt. Ground truth
 
revealed a stretch of 2 lane road with dirt shoulders no
 
different than the majority of other roads on the map.
 
Apparently, the sensor was aligned to receive maximum
 
reflectance from the dark road (called basalt since no road
 
training sites were provided). Nowhere else on the entire
 
map was this phenomenon repeated. Accordingly, a very
 
slight change in pixel position relative to the sensor
 
completely altered the signature of the site.
 
In another circumstance, many hours were spent trying to
 
locate specific pixels classified as shopping centers on
 
top of basaltic mountains. The classification was obviously
 
incorrect, but the correction required precise on-site infor­
mation to understand the nature of the confusion.
 
In our opinion, the problems just discussed, and such
 
general assumptions as "that feature over there must be
 
this symbol on the map because we're in the right area"
 
negate the validity of randomly distributed plot statistics.
 
Further, the time and expense to locate a statistically
 
significant number of verification plots cannot be justified
 
by the results.
 
Arizona used the following procedure for verification:
 
a) 	 Training sites can be used for a preliminary, qualitative 
evaluation of the output, but should not be included in
 
any quantitative analysis because they are a "known" to
 
the computer.
 
b) 	Verification sample sites were marked on the computer
 
output map in the lab. These sites consisted of from
 
5-50 rather homogenous pixels and were selected to
 
represent all the categories classified on greater
 
than 1% of the computer map. Since we were more
 
interested in evaluating correctness of classification
 
rather than resolution, most of the sites were selected
 
having either prominent boundaries or some readily dis­
cernible pattern. As noted previously, some effort was
 
made to locate single pixels for certain categories.
 
Generally, however, we were verifying plots, not
 
individual pixels.
 
c) 	In the field, additional verification sites were
 
collected to include the range of variation within a
 
type, or sometimes just in readily locatable places,
 
such as a road intersection, to increase the sample 
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size. In this manner, 116 verification sites were
 
tabulated in the Hedgpeth Hills quadrangle. One
 
hundred of these were usable for the Level II evalua­
tion and about 90 for the more detailed classifications.
 
Most of the sites excluded consisted of a complex
 
pattern of pixels instead of a homogenous plot (see
 
discussion on interpretation of the computer map). In
 
spite of laudable efforts to avoid bias, our verifica­
tion procedure was not random and the calculations must
 
be considered as relative estimates.
 
d) 	Whenever a misclassified verification plot was encountered
 
in the field, a concerted effort was made to ascertain
 
why the mistake occurred. For an exploratory project
 
of this nature, this in-the-field evaluation is probably
 
the most critical activity. The entire system is greatly
 
refined by learning the explanations for absolute errors
 
versus good guesses. The lack of on-site observation
 
is one drawback to using aerial photography for verifi­
cation in many instances. Needless to say, it is
 
essential to use the same criteria for verification
 
that was used for training site selection.
 
e) If an error occurs because a correct training site was
 
not provided, this error should not figure into any
 
quantitative analysis. There may also be some problems
 
related to training sites used from other quadrangles.
 
Arizona could not evaluate this possibility because we
 
received only one output map. Serious consideration
 
should be given this potential problem, however,
 
because it greatly affects the applicability of Landsat
 
technology for regional inventories.
 
f) 	The analysis of the field verification data was
 
accomplished using an omission-commission error matrix
 
(see Figures 11, 12 and 13). This provides not only
 
the percentage of correct classifications, but visually
 
displays the distribution of errors and quantifies the
 
type of error. This concept is analogous to Type I
 
and Type II errors in statistics. As applied to this
 
analysis, comparisons are made between the expected
 
units presented on the computer map (A) and the actual 
ground truth units (B). An error of omission occurs 
when A is like B, but is rejected as B, or, a unit 
should have been called something but it was not. A
 
commission error is the antithesis, i.e., A is not like
 
B, but is accepted as B, or, a unit was called what it
 
was not. Although this can be quite confusing, because
 
in reality it is looking at the same thing from two
 
different perspectives, the analysis is actually very
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simple once the matrix is set up. Errors of commission
 
indicate too broad a distribution within the training
 
sites, i.e., it overlaps with similar types. Large
 
arrors of commission suggest use of a greater threshold,
 
or less discrimination in the classification.
 
g) 	After the error matrices were completed, each category
 
was reviewed considering: 1) what types it was con­
fused with, 2) if field observations could explain the
 
mistake and 3) if the 10% threshold improved the
 
discrimination.
 
3.2.2 Other Comments
 
Other Problems in Verification
 
A major problem encountered in verification is the rate of
 
change in land cover types. Just as irrigating or harvesting
 
an agricultural crop, progress in a housing development or
 
the bloom of annual plants in the desert affects training
 
sites, these dynamics are of paramount importance for
 
accurate verification. Some categories can only be verified
 
if sample sites are pre-selected during the training site
 
selection. Although this procedure introduces some bias,
 
it cannot be avoided. Some of the bias can be reduced by
 
including a wide range of variation for each type, by meticu­
lous on-site records and by attempting to represent some of
 
the more inaccessible areas. If carefully delineated and
 
sketched in detail, these pre-selected sites could possibly
 
be used for pixel counts if desired. A comparison between
 
the results calculated from pre-selected verification plots
 
and plots identified in the lab on the output map (as
 
Arizona did), in the same quadrangle should shed some light
 
on the validity of the nonrandom verification process.
 
The classification hierarchy itself also poses some veri­
fication problems. When Arizona submitted some 82 cate­
gories, separating such cover classes as different
 
varieties of citrus and cotton, our objective was to
 
rigorously evaluate the discriminatory capabilities of
 
the 	Landsat system. For the verification of mapping
 
accuracy to be meaningful, however, there should be
 
some parallel between the levels of each category
 
classified.
 
Another common problem pertains to verifying rare
 
categories, those which were classified on less than 1%
 
of the map. It may be possible to simply omit such types
 
from the analysis, because what might be rare in one
 
quadrangle, may be quite prevalent in the next. If this 
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is not the case, then some effort should be directed
 
towards locating some of the rare pixels. In this
 
situation, it may not be necessary to verify many of these
 
individual pixels. In Hedgpeth Hills, the symbol for
 
grapes occurred less than 1%, yet a very small sample
 
indicated grapes were one type which was quite distinguisha­
ble. Wherever the symbol was grouped, we found a vineyard
 
and it occurred extremely rarely by itself indicating
 
virtually no overlap with other types.
 
Sensitivity to Seasonal Changes
 
The repetitive coverage of the Landsat system has been
 
presented as one of its major advantages. Not only can
 
this temporal resolution be used to monitor rapid changes
 
in cultural land development, but when combined with the
 
knowledge of agricultural cropping cycles and seasonal
 
changes in natural vegetation, it can be a powerful inter­
pretative tool. The importance of accurate temporal
 
definition in training sites has been discussed previously.
 
This project has also indicated some important considera­
tions for utilizing this Landsat capability for inventorying
 
activities. Specific examples pertaining to particular
 
land use or cover categories are discussed in the following
 
section on evaluation of the verification results. One
 
general observation, however, is that the actual dates
 
selected can be critical. Many dates within a particular
 
season may not actually represent the change anticipated.
 
Autumn dates should be selected to insure that decidous
 
trees will have dropped their leaves. Spring dates, in bi­
seasonal arid regions should assuredly precede the summer
 
rains. Perhaps the most useful application of multi-date
 
analysis pertains to identifying seasons for agricultural
 
types. Accordingly, cropping cycles must be thoroughly
 
reviewed in order to select the most diagnostic dates for
 
the particular locality.
 
Another general observation suggests that a simple four
 
date composite may not provide the best discrimination.
 
A sub-routine for determining the best combination of dates
 
should be developed. Until such an analysis is functional, 
however, results in Arizona indicate the necessity of
 
classifying the individual dates as well as the 4-date
 
composite, (see discussion on citrus). Apparently,
 
diagnostic signatures for a certain season can be negated
 
by overlapping signatures from the other three dates. 
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Interpretations of the Landsat Map
 
The key to successful application of any remote sensing
 
technology is interpretation. Just as color-, texture,
 
position and other image characteristics aid the photo­
interpreter, conclusions can be drawn from certain com­
binations of computer map symbols. The occurrence of the
 
symbol for shopping centers on top of desert mountains
 
might be an error, but it can readily be dismissed by
 
interpretation. The symbols for gravel pits, orchards and
 
trailers were often misclassified as bare ground, annual
 
weeds and cement slabs respectively. Wherever these symbols
 
occurred together, however, and usually adjacent to a
 
residential area, ground truth revealed a housing development.
 
If individual pixels are to be counted in the verification
 
process, it might be more meaningful in terms of accuracy
 
to exclude those borderline pixels between two types of
 
land cover. Border errors reflect more a problem in
 
resolution than an error in classification.
 
The fact that most cultural and agricultural land uses are
 
blocked is useful to consider when delineating these types.
 
Often the true boundary can be ascertained from the majority
 
of the pixels, even though there may be some intermingling
 
of symbols along the border. This interpretation will
 
reduce border errors.
 
Virtually no land use or cover type is completely homogeneous.
 
This is very evident for natural vegetation, but occurs also
 
as culled trees in an orchard or vacant lots in a residential
 
district. These inclusions are important to consider during
 
verification because they may actually reflect better
 
classification accuracy than the pure type.
 
One of the more intriguing, although probably erroneous, 
observations made during field verification, was the
 
possibility that classifications may be influenced by the
 
adjacent type beyond just boundary pixels. Although not
 
rigorously validated, this impression was derived from 
1) a seemingly higher incidence of the orange type adjacent 
to orange training sites, even though oranges are not well
 
discriminated from other citrus and 2) a major drainage 
classified as citrus where it passed through orchard types. 
Elsewhere this drainage was classified either as gravel or 
as riparian vegetation (misclassified as creosote). It was 
our understanding that each pixel is classified indepen­
dently of the next, which is why these impressions are 
worth consideration. 
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3.2.3 Results of Verification in the Hedgpeth Hills Quadrangle
 
Of the 83 training site categories provided Colorado State
 
University, 47 were statistically discriminated by the
 
computer. Figure 14 lists these categories, their
 
corresponding designation in the ALUE classification system

and the quadrangles in which they are likely to be found. 
Although not immediately evident from the list itself, many

of the types separated by the computer were not substafitiated 
by field verification. These errors can probably be 
attributed to training sites confounded by temporal
 
influences, such as irrigation. Figures 6 and 7 are
 
reducti6ns of the computer generated 0% and 10% threshold
 
classification maps.
 
Figures 11, 12 and 13 are the error analysis matrices. 
Figure 11 evaluates all the computer-separated categories 
occurring on more than 1% of the map, except short fiber 
cotton because it was impossible to verify that a year 
later. Also included are medium density residential areas
 
with irrigated landscaping, cottonwood trees and grapes.
 
There are six additional categories listed with the ground
 
truth observations. These were rejected as training sites
 
by the computer and happen to account for the majority of
 
errors.
 
The predominence of commission errors indicates a large
 
amount of overlap between the training sites. The best
 
classified types included creosote and grapes and the
 
worst were different densities of housing. Those numbers
 
within the diagonal lines are correct classifications. The
 
fact that the majority of errors were consistently clumped
 
rather than scattered throughout the matrix suggests a good
 
potential for improvement. Further, the predominence of
 
errors because of rejected training sites is also promising.

Altogether, six error groups (numbers encircled in Figure 11) 
account for 52% of the total error. These results suggest 
that considerable more importance be given to in-field 
training site selection and refinement via computer generated
statistics. Following the summaries of each matrix, a
 
detailed discussion by classification categories attempts
 
to explain errors and suggest possible improvements.
 
Figure 12 analyzes a subjective re-grouping of the original

computer-classified types to reflect a parallel level of
 
classification. The following types were combined: granite
 
and basalt into rock outcrops; all metal construction versus
 
all densities of non-metal construction; mesquite and palo­
verde trees were combined; and all citrus was combined.
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This resulted in 8 categories accounting for over 95% of
 
the map. The accuracy increased to 45%. Residential
 
types went from nearly 100% error, to only 2J% error-.- In 
this matrix, 79% Of the error resulted from rejected 
training sites. In other words, for what the computer
 
could discriminate, the accuracy was extremely high. The
 
problem now is to get the computer to classify more care­
fully defined types. Ofice again, this is a training site
 
selection and refinement problem.
 
The last matrix, Figure 13, presents the analtsis of the
 
Level II classification categories, selected for regional
 
comparisons. The accuracy achieved was 65%. Two-thirds
 
of the error resulted from confusion between bare land 
Cincluding abandoned agriculture) and residential, desert
 
scrub and especially citrus orchards.
 
The improved computer classification from Figure 11 to
 
Figure 12 due to combining confused categories and the
 
generally clumped nature of the errors, clearly indicates
 
a good potential for refining the accuracy of Landsat maps
 
to a satisfactory level. As previously discussed, much of
 
this refinement can be accomplished during selection and
 
statistical analysis of training sites. The predominence
 
of commission errors (resulting from overlapping training
 
sites) further substantiates this idea. In a similar
 
manner, additional refinement will result from limited
 
field verification o'f the initial computer output map. Such
 
a procedure will eliminate minor errors (such as-shopping
 
centers on mountain tops), but will also define more
 
serious confusions (such as between citrus and abandoned
 
agricultural fields). A very important step in future pro­
duction of Landsat classification maps will be to summarily
 
analyze a preliminary output and then incorporate the
 
corrections into the final product.
 
Discussion of Classification Errors
 
Rock Outcrops and Shopping Centers -- Two types of igneous 
rock were statistically differentiated from analysis of
 
training sites: basalt and granite. The granite training
 
site was on an adjacent quadrangle. All of the outcrops
 
visited during both training site selection and verifica­
tion on the Hedgpeth Hills quad were basalt, typically
 
with sparse upland desert vegetation. Of the two verifi­
cation sites visited for the basalt classification, both
 
were correct. The granite designation accounted for 3% of
 
the map. The single "granite" site visited turned out to
 
be basalt, although its slight slope, vegetative cover and
 
associated soil seemed atypical for a basalt outcrop in this
 
area. The "granite" type in general tended to occur at the
 
periphery (i.e., thdfTf6wer; slopp)qof{the basalt hills and 
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this fact might account for the error. The increased
 
threshold did not alleviate the "granite" type error.
 
Rather, sizable areas of both types were left unclassified,
 
including places literally in the center of the mapping
 
unit. This would suggest that the 0% threshold should be
 
used for igneous rock outcrops.
 
Although not included in the error matrix because of in­
adequate verification data, the shopping center type was
 
commonly scattered throughout the quad, usually associated
 
with rock outcrop. The actual type does not exist on the
 
Hedgpeth Hills quad. Photo-interpretation and on-site
 
investigation of several of the areas classified as shopping
 
centers suggests that the spectral signature is an intimate
 
combination of both very low (i.e., black basalt appearing
 
as asphalt) and very high (appearing as cars and rooftops)
 
albedoes. The high reflectivity is from caliche outcrops
 
and possibly from dense population of teddy bear cholla
 
cacti.
 
Creosote Bush -- Creosote bush was the predominant type on
 
the output map (39%) and was also the most accurately classi­
fied (41% commission error and 24% omission error). Most of
 
the verification plots selected in the lab had minor inclu­
sions of symbols for bare ground, paloverde trees and mesquite.
 
Although the individual pixels could not be verified, such
 
inclusions are actually common and the computer classification
 
was probably quite dccurate. The majority of commission
 
errors (66%) occurred when sparse riparian shrub (Baccharis, 
Hymenoclea, etc.) was classified as creosote. Training sites 
for riparian shrub were rejected by the computer. This error 
can be easily corrected, however, by composite mapping with 
flood plain boundaries or interpretation of the computer map 
along major drainageways. The other major error results 
from confusion between the creosote signature and upland 
desert vegetation on open aspects. Upland desert vegetation 
sites (probably called paloverde) were classified from other 
quadrangles. Previous investigations have indicated
 
problems in separating desert vegetation by Landsat Computer
 
Compatible Tape (CCT) analysis, apparently because desert
 
vegetation is so sparse it does not contribute very much to
 
the spectral signature. Accordingly, it may be necessary
 
to map desert vegetation indirectly by association with
 
other features of the landscape such as slope, aspect,
 
elevation and substrate. Another error occurred when old
 
abandoned agriculture was called creosote because of scattered
 
desert broom (Baccharis Sarothroides). Several errors of
 
omission occurred when open creosote stands were classified
 
as bare ground and in one inexplicable case, creosote was
 
confused with a residential class.
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The 10% threshold had virtually no influence on the classi­
fication of creosote. Although there appears to be some
 
problems in discriminating creosote --- from other desert
 
vegetation types, the creosote types in the Hedgpeth Hills
 
quad were very well classified and an accuracy of 85% could
 
be readily achieved by simple interpretation of the
 
riparian shrub.
 
Residential and Non-Metallic Construction Classes -- Different
 
types of non-metallic construction were poorly separated from
 
each other. As a group, however, they were well discriminated
 
from other classes (75% accurate). Because different
 
densities of housing, a church and a small commercial building
 
were all confused, it is apparent from results in the Hedgpeth
 
Hfills quad that the spectral signatures of these categories
 
are very similar. This is reasonable considering that these
 
are more "activity" types than "cover" types. At best, we
 
could expect a checkerboard pattern of residential and either
 
desert or pasture symbols, depending on the landscaping.
 
Unfortunately, since most low density housing areas also
 
include outbuildings and barns, they appeared as a high
 
density type. It is more difficult to explain the confusion
 
between residential areas with desert or irrigated lawns.
 
One verification plot classified as high density residential
 
was really a bermuda grass pasture. As a combined class,
 
non-metallic construction could be discriminated with satis­
factory precision. More detailed separations, i.e.,
 
densities of housing or small commercial buildings might be
 
better accommodated with composite mapping.
 
Grapes -- The computer statistics separated red and green
 
varieties of grapes. This was probably due to inconsistent
 
training site input rather than real characteristics of the
 
grapes themselves. Whenever the grape symbol was grouped,
 
a vineyard was found. There was a considerable number of
 
isolated grape pixels throughout most of the agricultural
 
and developed portion of the quad. These seem to be in
 
error, but could be readily interpreted as a mistake, so
 
we consider the discrimination of vineyards to be very
 
accurate. The symbol for watermelon was commonly associated
 
in error with grapes. Nearly half of the grape pixels and
 
three-quarters of the watermelon pixels were unclassified
 
at the 10% threshold. Many of these grape pixels, eliminated
 
in the center of vineyards, suggests the grape
 
spectral signature is very broad. This problem can perhaps
 
be resolved by a different combination of dates, because the
 
phenology of grapes changes drastically over the annual
 
cycle.
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Mesquite, Paloverde, Citrus and Abandoned Agriculture -- In
 
isolated situations, mesquite, paloverde and cottonwood
 
trees cannot be accurately discriminated under the test
 
conditions imposed by this project. The fact that training
 
sites for mesquite and cottonwoods were taken from dense
 
stands of each tree is undoubtedly a factor. No pixels
 
classified as paloverde were verified. These typically
 
occurred as single pixels scattered through creosote bush
 
flats. The presence of these inclusions, whether they are
 
actually paloverde or mesquite, are probably more accurate
 
than a pure creosote type. Both of the verification sites
 
for cottonwood trees were incorrectly classified, one as
 
mesquite, the other as grapefruit/lemon. This error can
 
probably be corrected with more discrete seasonal timing.
 
Further investigation is warranted, not necessarily for
 
maverick individual trees, but because cottonwood stands
 
are an extremely important riparian community in the semi­
arid regions of the United States.
 
Omission errors for mesquite occurred in only 33% of the
 
sample. One mistake was called cottonwood, and the other
 
two were called grapefruit/lemon. Errors of commission,
 
however, were nearly 70%. The majority of these mistakes
 
were actually abandoned agriculture with abundant annual 
weeds, Salsola Kali or Baccharis Sarothroides, (the latter
 
included with riparian shrub in the analysis).
 
Varieties of citrus were surprisingly not well classified.
 
Although the table indicates 100% accuracy for oranges,
 
this is misleading. As previously mentioned, both of the
 
correctly classified orange verification sites were
 
associated with training sites. Although not verification
 
plots, there were many more orange groves which were in­
correctly classified as grapefruit/lemon. A more critical
 
error was the large number of plots (60%) classified as
 
grapefruit/lemon which were actually abandoned agricultural
 
fields with dense annual weed growth.
 
The results indicate a large confusion between types of 
citrus, mesquite and abandoned agriculture. It may be 
possible to refine the classification by using different 
combinations of overpass dates. The evergreen citrus can 
likely be separated from the deciduous mesquite and the
 
dead annual weeds in the winter. In addition, late winter
 
periods when citrus fruit is mature may enable the yellow

grapefruit and lemons to be better differentiated from the
 
oranges. If another step-wise discrimination is possible,
 
the decidedly different shades of green between grapefruit
 
and lemon tree foliage might be used to separate these
 
varieties during the summer when the fruit is still im­
mature (orange trees having already been separated).
 
Mesquite trees and dense growth of Salsala Kali (Tumbleweed)
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might be separable in the late spring, after the mesquites
 
have leafed out and before the summer rains germinate the
 
annuals. Apparently the rather evident old furrows in
 
abandoned fields are not sensed by the platform.
 
Gravel Pits, River Cobble, Bare Ground and Mobile Homes --

Surfaces with high albedoes did not separate very well. The
 
only computer classified types with high reflectance were
 
gravel pits and mobile homes. Training sites for bare
 
ground Cnatural or cleared) were rejected. The 0% omission
 
error indicates only how different high albedo types are
 
from the other categories. The high values for errors of
 
commission indicate the confusion.
 
A more meaningful classification for structures would be
 
metallic construction versus non-metallic. A prefabricated
 
metal high school was classified as a mobile home. Such
 
distinctions will have to be made from collateral data via
 
the CMS-II compositing process. Bareground (natural and
 
cleared) and cleared ground with cement slab foundations
 
were also commonly misclassified as mobile homes. Apparently,
 
there is some threshold albedo above which all other
 
features of the pixel have minimal influence on the signa­
ture received by the multi-spectral scanner. One possible
 
method to distinguish high albedo construction from other
 
high albedo types (notably bare ground or development) might
 
be from a thermal scanner. If overflown in the winter, the
 
greater heat radiation should indicate the buildings. This
 
approach would be greater facilitated if a thermal scanner
 
is included on Landsat C.
 
There was also a considerable error in 50% of the verifica­
tion plots classified as gravel pits. Ground truth revealed
 
the sites to be creosote, upland desert vegetation or
 
abandoned agriculture. The vegetation on these sites was
 
sparse and in the cases of upland desert, caliche and
 
abundant teddy bear cholla cacti contributed to the high
 
reflectance. These errors support the high albedo
 
threshold hypothesis. These verification plots should be
 
entered into the computer as training sites and the
 
statistics examined to define such a possible threshold.
 
Non-Perennial Agriculture -- Generally, seasonal field and
 
truck crops of previous years could not be properly verified.
 
Even when a farmer had been interviewed and we knew what
 
crops had been grown on a particular plot of land in a
 
particular season, we could not ascertain the exact
 
appearance at the time of the overpass. Further, none of
 
the interviews included land in Hedgpeth Hills, primarily
 
40
 
because it was not intended for non-perennial agriculture
 
verification. Accordingly, we could only analyze the
 
computer output for the Level II categories because ground

truth was replaced by interpretation of high altitude
 
aerial photos. All six verification plots selected were
 
correctly classified as irrigated cropland.
 
3.3 Comparison of Landsat to Other Survey Methods
 
It can be misleading to make direct comparisons between various
 
methods of current land use mapping, because they are not
 
equatable. Certainly, modern demands for speed, accuracy and
 
cost effectiveness dictate some mapping system commencing with
 
an overflight.
 
The present Landsat system provides adequate resolution capabilities
 
for most current land use and/or resource inventories. Surveys
 
requiring more than one acre resolution are typically more
 
localized and require more intensive field work. Such surveys are
 
usually based on low altitude aerial photography. The costs for
 
private contract photography and the necessary field time are
 
comparatively high. Based on information from a project conducted
 
by the Office of Arid Land Studies at the University of Arizona, a
 
very detailed map (1:24,000 scale) of about 150 square miles cost
 
approximately $65.00 per square mile. For regional mapping of
 
thousands of square miles, the only two systems available are
 
Landsat CCT processing Ceither imagery or digital) or photo­
interpretation of high altitude photography. There are pros and
 
cons for both.
 
High altitude photography certainly has better resolution,

approaching 10 feet. At a practical regional mapping scale, how­
ever, (i.e., 1:24,000, 1:62,500 or especially 1:250,000), this
 
resolution becomes more of an aid to the interpreter in the form
 
of image texture than a delineated mapping unit. If indeed it
 
can be demonstrated that the space platform sensor is actually

recording a similar amount of pertinent data, then absolute
 
resolution may not be important.
 
Although Landsat may not presently be a sufficiently operative
 
system to replace high altitude photo-interpretation for regional

mapping, it is not far from it. 
The advantages of world-wide,
 
up-to-date coverage and the potential of rapid automated
 
processing certainly warrant the additional effort required to
 
refine the accuracy to a more useful level. Photo-interpretation
 
is a rather slow process; the previously mentioned inventory of
 
9000 square miles required 4-5 man years. Once the Landsat
 
training sites are refined for a particular area which might take
 
twice that long, rapid up-dating with minimal effort will be
 
another very attractive feature of the Landsat system.
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4.0 Multi-source Compositing
 
4.1 Composite Map Analysis
 
4.1.1 Polygonal Approach and the Future -- A Department Program 
Composite mapping is an essential tool for assessing the
 
complexities of land use patterns and natural resources.
 
It is a considerable improvement from using a series of
 
separate overlays because it is an automated process and
 
can accommodate more topic maps. Other important features
 
of composite mapping systems include:
 
a) 	Ability to define invisible boundaries (i.e.,
 
zoning, political jurisdictions, land ownerships,
 
etc.); this feature aids in distinguishing
 
"activity classes" from absolute cover classes
 
based only on spectral signature.
 
b) 	Improvement of Landsat classification; sometimes
 
it is possible to separate similar signatures by
 
inputing additional information. This is not
 
restricted to activity classes (see discussion
 
on creosote in Section 3.2.3).
 
c) 	Ability to incorporate existing data (soil surveys, 
slope and aspect maps, floodplain delineations, etc.). 
This also is"not restricted to activity classes. In
 
Arizona's analysis (discussed below) we considered
 
both soil agricultural capability and soil limita­
tions for buildings by inputing a single map of soil 
series and converting this data within the computer
 
program. 
d) 	Inputing data to evaluate possible results via a
 
predictive model.
 
e) 	Establishment of a data bank because each topic map

input can be stored on magnetic tape. This would 
facilitate access to information assembled by
 
different agencies.
 
f) 	Standardized mapping scales by aggregating cells.
 
The versatility of CMS II is considerably enhanced by the
 
capability of assigning relative weights to the entire
 
topic map and/or individual parameters on the topic maps.
 
This arithmetic compositing procedure was used in this 
project. Figure 15 was borrowed from the CMS II User's 
Manual to illustrate how the arithmetic compositing is
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accomplished. It should be mentioned that this project
 
utilized only some of the capabilities of the CMS-II.
 
The User's Manual is available from the Federation of
 
Rocky Mountain States.
 
4.1.2 Procedure and Analysis
 
Arizona used the environs of the Hedgpeth Hills quadrangle
 
to evaluate the CMS-II compositing capabilities. The
 
objective was to determine optimal sites for urban expansion.
 
Topic maps for the compositing process included land use
 
Cclassified from Landsat CCT), land ownership, flood 
hazard, slope, agricultural capabilities of soil and soil
 
suitability for dwellings without basements. Negating
 
factors limiting urban expansion were flood hazard, non­
private land, steep slopes, prime agricultural land and
 
severe soil limitations for residential construction.
 
- Figure 16 is the flowchart for the analysis. We included 
current residential areas in the analysis by coding them 
on the Landsat map as potentially available land. This 
allowed us to evaluate the suitability of these areas 
according to the criteria defined by the compositing 
analysis. 
In order to facilitate the evaluation of the computer com­
posite map, Arizona carefully selected the weighted values
 
for each topic map and each individual parameter so the
 
additive values would define pertinent categorical separa­
tions. Although a multiple regression can be used to assign
 
statistically valid weights to the various parameters, for
 
many analyses, it is sufficient to input the weights
 
according to one's familiarity with the subject and careful
 
judgment.
 
For example, by assigning high values to both the flood
 
hazard topic map and to flood prone areas within that map,
 
any cell in a potential flood area would have the highest
 
numerical value possible in the analysis and can be
 
represented as unsuitable for urbanization. A similar 
procedure was followed for the other negating factors.
 
Figure 16 indicates the relative weight below the name of
 
each topic map. Figures 17, 18, 19, 20 and 21 list the
 
individual categories on each topic map and the ordinal
 
data scale (weight) assigned to each. The alpha-numeric
 
symbols adjacent to the name of each category designate
 
the symbols on the cellular mapping grid which was sent
 
to CSU.
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High numeric values for the ordinal data scale indicate 
detrimental categories inathis analysis. Referring to the 
Landsat classification scheme -(ligure 17-)-, surface-water­
citrus (high agriculturaliinvestment) and riparian vege­
tation (associated with drainageways and flooding) have 
values of 9 and will contribute towards an unfavorable 
suitability for urbanization. Established cultural
 
categories (including other agriculture and land uses other
 
than residential or commercial) are assigned the moderately
 
limited value of 4. Rocklnds are moderately limiting
 
because in Hedgpeth Hills..they are commonly associated with
 
the steeper slopes whichare also negating (see Figure 18).
 
The soil suitabilities for agriculture and dwellings
 
without basements are rated according to standard Soil
 
Conservation Service inteipretations of soil series.
 
Figure 19 lists the grid sfeet mapping symbols, the soil
 
series name, the agricultmre capability class and the
 
libitation for buildings.n Figures 20 and 21 combine the
 
series according to theircsuitabilities and assign the
 
composite analysis weights;' Figure 22 indicates the range
 
of arithmetic composite values, some examples of correspon­
ding interpretations and the grey tone value assigned on 
the composite map. S" 
4.1.3 Topic Map Acquisition A 
One consideration for seldeting the suitability for urbaniza­
tion problem was the availability of ancillary data maps.
 
The land classification, of-course, was provided by analysis
 
of the Landsat CCT. Figune',23 is the output map of the
 
land classification weight4d according to the values assigned
 
in Figure 17. A land ownei4hip map was acquired from the 
Arizona State Land Department. General Flood Plain Hazard
 
Maps are available from th'rUS Geological Survey. Figure 24
 
is a reduction of a USGS-7tl/2 minute quadrangle map of
 
flood prone areas. Figuree24a is 1/16 of the grid sheet
 
used to code flood hazard3data cell by cell. It covers the
 
upper left corner (NW) oftthe map. The dot is a shorthand
 
notation which means to coftinue the preceding character
 
until the next is'encountemed. Coding the entire map
 
required about 2 hours andba reduced copy of the computer
 
output is shown in Figure 2S. Figure 26 is the output for
 
the Land Ownership map. iwr
 
The USGS slope map was muocore intricate, even after com­
bining several of the slopleilasses. The reduced computer 
output is shown in Figure 2, and the code sheet for the 
upper left corner is show- in Figure 28. This map required 
the better part of two dayspand was very tedious work. The 
process is not as error riden as might be expected. There 
is a comuter sub-routine lt, check for missing shorthand
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Arithmetic Composite of Cellular Maps - Figure 15 
Topic Map A
 
SLOPE-AVERAGE
 
interval scale
 
7- 15 = 2
 
15+ = 3 
Map Weight ... .... ...... 0.5 
Topic Map B
 
FOUNDATION SOILS
 
ordinal scale
 
excellent = 1 
medium = 2 
inferior = 3 
Map Weight ...... ...... . .1.0 
Topic Map C 
SEPTIC PERMEABILITY 
ordinal scale 
excellent 
medium 
inferior 
= 1 
= 2 
= 3 
e 
Map Weight ........ ........ 1.5 
Topic Map D
 
AIR POLLUTION ZONES
 
ordinal scale
 
heavy = 3 
medium = 2 
light I 
Map Weight (negative) . . .... -3.0
 
Composite Map
 
RESIDENTIAL SITE SUITABILITY
 
oridinal scale
 
superior = 1 7 
inferior = 9
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State ARIZONA 
FRMS LANDSAT PROJECT 
Quad HEDGPETH HILLS 
STATE'S FLOW DIAGRAM OF COMPOSITE ANALYSIS 
(See Example Fig. I) 
Land Use 
(LANDSAT 
1 
CCT) 
LadFodPanSoeARCsoil 
Ownership Hazards 
4 6 1 
Capability 
of Soils 
3 
Suitability 
For Dwellings 
W/Out Basements 
1 
Suitability
 
for Urban
 
Expansion

Practical Problem - Statement of problems to which this analysis applies. 
OBJECTIVE: 
 TO DETERMINE OPTIMAL SITES FOR URBAN RESIDENTIAL EXPANSION.
 
Negating factors include flood hazard, non-private land, prime agricultural land and severe soil
 
limitations for residential construction.
 
Current residential developments (from Landsat Topic Map) will be classified as potentially available
land, thereby allowing the suitability of such areas to be evaluated according to the site
 
determining parameters.
 
Figure 16
 
Map Legend for Landsat CCT Data
 
General Composi ting
 
Code Subject / includes Ordinal Value
 
130 	 Rocklands
 
131; 132.1; 133 
 4
 
200 	 Surface Water Resources
 
212.3; 212.6; 221.31 9
 
300 	 Natural Vegetation (Riparian)
 
322.32; 333.11; 333.111; 342.44;
 
363.117 	 9
 
300 Natural Vegetation (non-Riparian)
 
363.1; 363.11; 363.116;
 
363.12; 363.121 1
 
400 Agricultural Lands
 
411.1; 411.11; 411.12; 411.13; 411.3
 
415.3; 415.2; 415.5; 411.51; 411.52 
421.11; 421.12; 421.13
 
421.51; 421.52
 
422.5
 
455.711; 422.712
 
422.81
 
423.311; 423.312; 423.32; 423.34
 
424
 
425.1; 425.2; 425.5
 
431.1; 431.4
 
432.5; 432.8
 
435.2;
 
451; 452; 454 4
 
423.111; 423.112; 423.33 	 9
 
425.4 	 1
 
500 	 Residential, Industrial, Commercial
 
511.11 (RI, R2, R3, R4, R5a, R5b, R6, R7, R8) 
511.12; 511.13; 511;21; 511.22; 511.23
 
514 1
 
521; 522; 529; 533; 539; 543;
 
548.12; 553; 565.18
 
568.1; 568.2; 573; 574.11; 574.16
 
575.1 	 4
 
590; 591 	 1
 
Figure 17
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DATA SCALE (MAP LEGEND) FOR EACH TOPIC MAP 
TOPIC MAP TITLE rAn rlrJ~rP TOPIC MAP TITLE rrnnnpr.,TM ;IA-npf 
Sub-area characteristics Data Scale Sub-area characteristics Data Scale 
(May be abbreviated titles) (Legend) (May be abbreviated titles) (Ldgend) 
FEDERAL r 9 HAZARD F 9 
STATE S 
 3 NO HAZARD Q ,
 
-.­
grimit of 7.S' Quad) N 0 
TOPIC MAP TITLE SLOPE TOPIC MAP TITLE SOILS - See next pages. 
Sub-area characteristics Data Scale Sub-area characteristics Data Scale
 
(May.be abbreviated titles) (Legend) (May be abbreviated titles) (Legend)
 
50+ % 
 7 7
 
15-50 
 6 
 7
 
10-15 
 5 7
 
5-10 
 4 
 5
 
2-5 
 3 3
 
1-2 
 2 
 1
 
0-1 
 1 1
 
Figure 18
A 
Map Symbol 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

P 

Q 

R 

S 

T 

U 

V 

IV 

Z 

S 
0 

9 

Series Name 

Agualt 

Antho 

Antho-Carrizo 

Antho-Brios 

Brios 

Carrizo 

Cherioni-Rockland 

Coolidge 

Coolidge-Laveen 

Ebon 

Estrella 

Gilman 

Gilman-Laveen-Estrella 

Gunsight-Rillito 

Laveen 

Maripo 

Mohall 

Perryville-Rillito 

Pinal 

Riverwash 
Rockland, Steep 

Tremant-Rillito 

Tucson 

Vecont 

Vint 

Made Land
 
No Information
 
Outside Map
 
Agric. Capability 

II 

II 

IV 

III 

III 

IV 

VII 

II 

II 

VII 

I 

I 

I 

II 

I 

III 

I 

II 

II 

VII 

VII 

II 

I 

III 

III 

Dwelling Suitabiiity
 
Slight
 
Slight
 
Slight
 
Slight
 
Slight
 
Slight
 
Severe
 
Slight
 
Slight
 
Moderate
 
Moderate
 
Slight
 
Moderate
 
Slight
 
Slight
 
Slight
 
Moderate
 
Slight
 
Severe
 
Severe
 
Severe
 
Slight
 
Moderate
 
Severe
 
Slight
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"p CARD" 	 TOPIC IJAP CONVERSION KEY FOR 
SUITABILITY OF SOILS FOR DWELLINGS W/OUT BASEMENTS 
(SDWOB)
 
SOILS TOPIC 	MAP SDWOB CLASSIFICATION DATA SCALE 
A, B, C, D, E, F, H, I, L, ) 
) Slight 
N, P, Q, S, W, Z ) Limitation 1 
I, K, M, R, X 	 Moderate
 
Limitation 3
 
G, T, U, V, Y 	 Severe
 
Limitation 7
 
5 Made Land 	 1
 
0 	 No information 0
 
9 Outside Map 	 0
 
Figure 20
 
so
 
"P CARD" 	 TOPIC MAP CONVERSION KEY FOR
 
AGRICULTURAL CAPABILITY OF SOILS (AGCAP)
 
SOILS TOPIC MAP AGCAP CLASSIFICATION DATA SCALE
 
9
K, L, M, P, R, X 	 1 

A, B, H, 1, N, S, T, W II 4
 
D, E, Q, Y, Z III 2
 
C, F IV 1
 
G, I, U, V VII 0
 
5 I 9
 
0 No information 0
 
9 Outside Map 0
 
Figure 21
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COMPOSITE DATA SCALE LEGEND
 
Arithmatic Composite 

Value 

0-6 

7-8 

9-14 

15-19 

20-24 

25-33 

34-40 

41-56 

51+ 

Interpretation 
(Some examples) 
Grey Tone 
Value 
Excellent Suitability 9 
Good suitability 8 
Moderate 
Severe Housing Limitation 
But all other parameters 
excellent 
Any State Land 
7 
Moderate 6 
Fair 5 
Fair 
Excellent for Housing but 
also prime farm land 
4 
Poor 
Any Federal land 
3 
Very poor 2 
Exclude: Flood Hazard 1 
Figure ?2 
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periods and inspection of the computer map can usually
 
locate any major errors. The circled area in Figure 27
 
illustrates where several symbols were omitted in the
 
coding.
 
The soils data was the most difficult to encode but we 
were able to utilize a special feature of the CMS-Il 
program to reduce the time expended by 50%. Very detailed 
soil maps were obtained from the Soil Conservation Service.
 
These maps delineated phases of different soil series
 
(based on variances insurface texture, slope, etc.) on low 
altitude black and white aerial photographs. This infor­
mation was grouped by soil series and the boundaries were 
traced onto mylar. This work took about 1 day. Next, 
control points were selected on both the soil map (aerial
 
photos) and the orthophotoquads and a reduction co­
efficient was measured so the soil overlay could be
 
photographically reduced to scale. This cost was about
 
$25.00. The reduction did not match the rectified ortho­
photoquads exactly because of distortion in the low alti­
tude aerial photos. We were able to remedy this problem
 
very accurately by cutting and spreading the reduced over­
lay in appropriate places, which required another 1/2 day.
 
The encoding of the soil series onto the cellular grid
 
form required two full days and Figure 30 illustrates the
 
detail of the task.
 
Because of the volum of data, this soil series map was 
more easily accommodated in the computer storage as three 
separate maps, each with 1/3 of the soils (see Figure 30 
a, b and c). Once this map of soil series was stored in 
the computer, the 04S-II program was able to generate both 
the agricultural capability map and the soil limitation for 
dwellings without basements map by a simple "P-card" 
symbol conversion. This is an extremely useful feature
 
when multiple interpretations can be made from a single
 
base map. The soil capability and limitations map are 
presented in Figures 31 and 32. These outputs do not
 
include the entire quadrangle because soils data were not
 
available for the northern third. 
The topic maps Arizona selected for the compositing analysis 
represent a reasonable assemblage of both easy and difficult 
maps to encode. Although there is little doubt that composite
 
mapping and storage systems are superior to manual-visual
 
analysis methods, there are some problems to consider.
 
Complex maps, such as the soils and slopes in Hedgpeth Hills,
 
require a considerable time expenditure to encode. Other
 
states have explored alternative methods to input topic maps 
into the computer and after the tedious encoding we did, 
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Arizona is curious about the success of these other methods.
 
Also, the often encountered problem of unavailable data
 
and inadequate mapping scales, while not related to this
 
project, again indicates the need for coordinated inter­
agency cooperation.
 
4.1.4 Results of the Composite Analysis 
Arizona received two different composite maps from the 
computer analysis. One used standard, i.e., equally spaced 
intervals (Figure 33), and the other utilized the categori­
cally significant intervals indicated in Figure 22 (the 
second composite map is presented in Figure 34). The grey 
tone scales on the two maps are exactly reversed: the
 
darker the shade on Figure 33, the greater the restriction,
 
while on Figure 34 the lighter tones signify the less
 
suitable areas for urban expansion. Any confusion can be 
avoided by first observing the major drainageways which are
 
weighted to be the most restrictive areas.
 
The heavy dark line on Figure 33 encloses the area where 
all the topic maps were included in the analysis. Outside 
that area no soil data was available and consequently the
 
other four topic maps, especially land ownership (weighted
 
at 4x) are emphasized. This area refers to Figure 34, too.
 
There is one factor which confounds the interpretation of 
the composite map: any errors in the Landsat classification 
topic map were incorporated into the composite analysis.
 
Those errors which may be significantly are summarized below 
and are referenced on Figure 22 by the corresponding letters.>'
 
a. The most detrimental error to the composite analysis
 
was classifying riparian scrub as creosote. This 
in effect classifies a highly restricted type 
(weighted at 9) as an optimal area (weighted at 1). 
b. Abandoned agricultural fields classified either as
 
& mesquite or citrus produced the opposite result:
 
c. optimal sites are weighted as highly undesirable 
(1=9). 
d. A similar error resulted when low density
 
residential (coded as optimal) was classed as
 
undesirable (again 1=9).
 
Many of the Landsat classified types, however, were
 
properly rated according to the compositing criteria.
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no soils data was incorporated in this part of
 
the map.
 
b. 	 This block of private land is predominantly classed 
as good to excellent because of land ownership and
 
desert scrub vegetation. The lesser suitability in
 
the SE corner results from the steeper slopes there.
 
c. 	This small area of good suitability is partially
 
resultant from an error in data input. It is
 
private land, natural vegetation, moderately sloped
 
and poor land for agriculture, all of which define
 
suitability for urbanization. The soil limitations
 
for dwellings, however, which should be classed as
 
moderately limiting, are classed as "no information"
 
and "made land". The proper classification for the
 
land should be moderately suitable.
 
d. 	This area primarily exhibits the influence of the
 
Landsat classification. The negligible slope,
 
private ownership and Antho-Carrizo soil series
 
Cpoor agricultural suitability and only slight
 
limitations for dwellings) are all favorable types
 
for urbanization. The symbol for moderate suita­
bility reflects a restriction due to the citrus
 
groves, while the symbol for excellent occurs where
 
the desert scrub still remains.
 
e. 	State ownership of this land block causes the
 
generally very poor classification. The small
 
lenses of slightly better suitability can be
 
attributed to soil series of poor agricultural
 
suitability and negligible building restrictions.
 
f. 	This area represents a small suburban development.
 
It is interesting to note, that according to the
 
criteria of this analysis, it is rated as poor to
 
fair suitability.
 
Based on our evaluation of the composite map, we find the
 
CMS-II program to be very sensitive to subtle changes. The
 
only problems we can envision will either derive from
 
possible errors in Landsat classification or in the design
 
of the numerical analysis by the user. The sensitivity of
 
the CMS-II program requires careful consideration of the
 
parameters defined and the weights assigned to them. The
 
use of "known" test sites in the procedure would be
 
immensely useful in calibrating the composite map.
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4.2 Potential Role of Other Agencies
 
4.2.1 Agency Participation and Interest
 
The zoning and subdivision regulation provisions of the
 
Urban Environment Management Act give cities and towns
 
extensive power to regulate development in flood plains.
 
Flood plain zoning districts may be created which have
 
special requirements to protect the public health, safety
 
and general welfare. Legislation also may be adopted as
 
part of the subdivision control ordinance which prohibits
 
or restricts development in areas subject to periodic
 
inundation.
 
The Flood Plain Management Act of 1973 also gives local
 
governments authority to control development in flood
 
plains. Unlike the Urban Environment Management Act,
 
however, the Flood Plain Act allows counties as well as
 
cities and towns to exercise this power.
 
Under the Flood Plain Management Act, regulatory authority
 
is given to Flood Plain Boards. These are the governing
 
bodies of the city, town or county involved. The Flood
 
Plain Boards may regulate development within flood plains
 
in their jurisdiction.,
 
The Act defines flood plains. It is an area not less than
 
that encompassed by a 50 year flood but not more than that
 
of a 100 year flood. The State of Arizona Water Commission
 
is required to develop criteria for establishing the 50 and
 
100 year flood levels and the local boards are then required
 
to designate flood plains in their jurisdiction following
 
the Water Commission criteria. When the flood plains have
 
been established, no development may occur within them unless
 
a special permit is issued by the Board or regulations have
 
been established.
 
The Act requires the local boards to establish flood plain
 
regulations for all subdivisions and other construction
 
which may direct, retard or obstruct flood water and
 
threaten public health, safety or the general welfare.
 
These regulations may establish minimum elevations for
 
development, require the elevation of floors of dwelling
 
units above the 100 year flood line and impose other
 
regulations to prevent flood damage.
 
All structures built in violation of the regulations
 
constitute public nuisances per se and may be abated by
 
the state or local government. In addition, the obstruction
 
or diversion of a watercourse not only is a misdemeaner, but
 
also will give rise to a private abatement action by any
 
person injured by the obstruction.
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In addition to the planning, zoning and subdivision control 
discussed above, cities and towns may look to other sources 
of authority to control, direct and reshape the utilization 
of land within their boundaries. The power to regulate 
nuisances, to protect health and safety and to require 
permits and licenses fall in this category. Of equal, if 
not greater, significance for local land development is the 
power to acquire land for public purposes by eminent domain.
 
This requires the payment of compensation but it can have a
 
substantial impact upon the land use patterns of a community,
 
especially when exercised as part of a municipal redevelop­
ment plan.
 
Cities and towns may exercise some controls over land use
 
through their power to adopt health and safety regulations.
 
Local authority in this area is intertwined with the
 
regulatory program of the State Department of Health
 
Services.
 
In Arizona, the Urban Environment Management Act provides
 
that a permit system may be used to enforce zoning regula­
tions. This provision allows the creation of permit 
systems for construction of building, development of land 
and use of land. In the case of nonconforming uses, a 
somewhat different purpose is served. These permits may be 
used to prevent the expansion or enlargement of the land 
use. It is an administrative device for confining the land 
use to certain limits. In systems for amortization of non­
conforming uses, permits may be used to limit the life of 
the land use. 
Natural resource conservation districts were formerly
 
known as soil conservation districts. They may be formed
 
by petition of the owners of the land to the State Land
 
Department. If the State Land Commissioner approves, an
 
election is held to determine whether the district shall
 
be created and to elect supervisors. It may conduct 
surveys and demonstration projects relating to soil conser­
vation, cultivation and farming practices. It may acquire
 
property. It may enter into cooperative agreements to
 
prevent soil erosion and to promote agreements to prevent
 
soil erosion and to promote similar objectives.
 
The powers of an irrigation district primarily relate to
 
water rights and the distribution of water for irrigation
 
*purposes.
 
In addition, the district may provide for the generation
 
and distribution of electrical energy. The State Water
 
Engineer has supervisory powers over the plans, contracts
 
and works of the irrigation district. The district may 
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issue bonds and levy taxes and special assessments. It
 
may construct works across any watercourse, street, high­
way or private property and may exercise the power of
 
eminent domain. When state lands are involved, the
 
location, construction and maintenance of such works is
 
under the direction and supervision of the State Land
 
Department.
 
The State Water Engineer has supervisory responsibiilities
 
for the engineering determinations and other decisions of
 
electrical districts. An electrical district also must
 
file the plans and specifications of all of its projects
 
with the State Water Engineer. The decisions of the
 
engineer are binding upon the State Land Department and
 
the State Certification Board.
 
Various methods have been devised for reconciling land use
 
conflicts between state, county and local governments.
 
Informal accommodations and self-imposed restraint may
 
evolve to avoid reprisals. The problem may be left to
 
judicial resolution, it may be treated in legislative
 
provisions which assign paramount authority to one juris­
diction or which confer special authority upon a local
 
government to protect itself from adverse external effects;
 
and it may be referred to a higher or more inclusive govern­
ment body such as a regional council or state planning
 
agency.
 
4.2.2 Mapping Bank
 
Mapping Bank and Regional planning in Arizona is in its
 
formation stages. Much of the impetus for such planning
 
stems from recent federal legislation. The Demonstration
 
Cities and Metropolitan Development Act, the comprehensive
 
planning section of the National Housing Act and the Inter­
government Cooperation Act foster regional planning by
 
providing federal grant funds and establishing a mechanism
 
for regional review of various federal projects.
 
To implement the framework outlined in these federal acts,
 
the Governor has established six planning districts in
 
Arizona:
 
District Counties
 
1 Maricopa 
2 Pima 
3 Apache 
Coconino
 
Navajo 
Yavapai 
4 Mohave 
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5 	 Gila
 
Pinal
 
6 	 Cochise
 
Graham
 
Greenlee
 
Santa Cruz
 
Within these districts, regional councils of government
 
have been formed. The organization for the two metropoli­
tan districts CPima County and Maricopa County) was provided
 
by existing associations, the Pima Association of Governments
 
(PAG) and the Maricopa Association of Governments (MAG).
 
Both are nonprofit corporations. In the remaining districts,
 
councils have been formed using the Arizona Joint Exercise
 
of Powers Act. The councils of government are:
 
District Name
 
1 Maricopa Association of
 
Governments (MAG)
 
2 Pima Association of
 
Governments (PAG)
 
3 Northern Arizona Council
 
of Governments (NACOG)
 
4 District IV Council of
 
Governments
 
5 Central Arizona Association
 
of Governments (CAAG)
 
6 Southeastern Arizona Govern­
ments Organization (SEAGO)
 
4.2.3 Possible Inputs
 
Possible inputs in the future could include revised data as
 
follows:
 
a. Population densities and trends.
 
b. Economic characteristics.
 
c. Environmental conditions.
 
Subjects in which these new inputs will aid in compositing:
 
a. Land value trends.
 
b. Low density residential.
 
c. Medium density residential.
 
d. High density residential.
 
e. Agriculture, forestry and range land use.
 
f. Mining land use. 
g. Commercial land use. 
h. Industrial land use.
 
i. Conservation land 	use.
 
j. Drainage basin data.
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k. Flood plains.
 
1. Severe slope.
 
m. Aesthetic and visual impacts.
 
n. Other components.
 
5.0 Summary of Findings and Recommendations
 
5.1 Recommendations to the State of Arizona
 
5.1.1 	 The present accuracy of Landsat classification is approaching
 
70% and there is good potential for additional improaement.
 
The primary advantages of the Landsat system are the con­
tinuous recent coverage and the automated processing. Thus,
 
once an operative system has been developed from selection
 
and analysis of training sites (perhaps two years time),
 
rapid updating can be accomplished.
 
Estimated from this project, present costs of this Landsat
 
inventory system amount to approximately $10.00 per square
 
mile. 	Cost effectiveness can be expected to improve as
 
the mapping area is increased and it is reasonable to
 
anticipate that a system operating in a regional context
 
might be able to halve this expense. The only other
 
methodology available for mapping of large areas is inter­
pretation of high altitude aerial photographs. This
 
approach costs at least $5.00 per square mile. There is no
 
present way to update high altitude coverage of the state.
 
There are two major limitations to using high altitude
 
photography. One is that current NASA photography is not
 
available for most areas. The second is that photo­
interpretation and necessary ground truth activities are
 
slow processes. Further, subsequent updating (if photo­
graphy is available) requires virtually the same amount of
 
time.
 
5.2 Recommendations for Interstate Collaboration
 
5.2.1 	 Common classification
 
At least three reasons define the need to augment inter­
state collaboration: 1) natural resources do not always
 
adhere to political boundaries, thus their management often
 
requires interstate cooperation; 2) many of these resources
 
are under federal jurisdiction which supercedes state
 
controls, thus necessitating a regional management policy;
 
and 3) most states within a regional setting have similar
 
problems and objectives, thus interstate collaboration
 
will aid in these common interests.
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In order to facilitate this collaboration, a mutually
 
acceptable classification system is required. An 18
 
category second level system was developed and successfully
 
used in this project. Al-though different agencies view
 
natural resources and land use from different perspectives,
 
most modern classification systems are inherently flexible.
 
Accordingly, it should not be difficult to establish an
 
acceptable classification for the tertiary level. This
 
activity should definitely be included in a follow-on
 
project to determine the common denominator.
 
6.0 Related Project Activities
 
6.1 Spinoff values
 
State agencies involved in land use planning will be introduced to
 
the CMS-II program in the follow-on project. Two test 7 1/2
 
minute quadrangles have already been chosen: Sedona and Gila
 
Bend (Figures 35 through 38).
 
Many state agencies are engaged in planning which affects land use.
 
This planning considers state water resources, state land holdings,
 
recreation needs, waste disposal, establishment of public institu­
tions, air and highway transportation, wildlife resources, power
 
development and pollution problems. Frequently, more than one state
 
agency is involved in planning within the same geographical area.
 
There is no single pattern'for how this planning is undertaken in
 
Arizona. The planning body may be of interagency composition, as
 
with the Power Plan and Transmission Line Siting Committee; a
 
designated department, as with the Department of Health Services;
 
a special policy making commission, as with the Water Quality
 
Control Council; an advisory body, as with the Highway Priority
 
Planning Committee; or an operational agency itself, as with the
 
Arizona Power Authority. Frequently, when the planning body is
 
separate from the operational agency and when more than one body
 
is engaged in planning for the same general area, as is the case
 
in the area of water resources, the lines of authority between
 
the agencies are not clearly defined.
 
The planning requirements imposed by statute vary widely. In some
 
areas, detailed statutory criteria exist. There are lengthy pro­
visions governing health planning, for example. In the case of
 
pollution standards, power plant siting and highway construction
 
priorities, the legislature has directed the agencies to specifically
 
consider various factors. In other areas, general planning authority
 
exists with little legislative guidance.
 
Similarly, the planning procedures range from a formal public hearing
 
process, as is the case with air quality standards, to completely
 
informal methods. In some cases, the plan must be formally 
approved. For example, comprehensive health plans must 
78 
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them for sale or lease. By recent legislation, the legislature
 
has directed the Department to recommend to it "guidelines for a
 
land use policy" for the lower Colorado River area. One purpose
 
of this study is to develop policy guidelines for the disposition
 
and ownership of public lands, but the study is not limited to
 
public lands. Its objective is to determine "the proper present
 
and future land use disposition and pattern" in the lower
 
Colorado River area.
 
Water Quality Control Council
 
The Council is composed in part of representatives from various
 
state agencies including the Water Commission and Land Department.
 
It has general supervisory authority over state water quality
 
standards and is responsible for formulating a comprehensive
 
program for controlling water pollution. 
Department of Health Services
 
This department has planning authority in many areas which affect
 
land use. It is involved in developing plans for the control of
 
air pollution including establishment of air quality standards.
 
It must develop, after consultation with local governments, a
 
statewide solid waste management plan. Finally, it has broad
 
authority relating to its duty to prepare a comprehensive state
 
health plan. This plan, which must be submitted to the Governor,
 
must consider many factors relating to land use including
 
environmental health hazards and construction of health-care
 
institutions.
 
Game and Fish Commission
 
This Commission has authority to formulate plans relating to the
 
preservation of wildlife. This includes establishing policies for
 
creating game refuge, fishing areas and protecting wildlife from
 
water pollution. The Commission also has jurisdiction over the
 
fish and wildlife aspects of state water projects.
 
Arizona Parks Board
 
This Board selects land for use as state parks, monuments and
 
historical sites. It has the authority to investigate state,
 
federal and private lands to determine their suitability for
 
such uses.
 
Arizona Outdoor Recreation Coordinating Commission
 
This Commission is composed of representatives from the-Game and
 
Fish Department, the State Parks Board and an appointee of the
 
Governor. It is responsible for planning for the outdoor
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recreation needs of the state. The Commission dispenses certain
 
federal funds and coordinates the recreational plans and
 
developments of federal, state and local governments.
 
Arizona Power Authority
 
This agency is responsible for formulating plans and development
 
programs for the power resources from development of the Colorado
 
River and other sources placed under its jurisdiction. Its
 
planning and administrative duties extend to the power aspects of
 
the legislatively adopted State Water and Power Plan.
 
Arizona Atomic Energy Commission
 
This Commission has planning authority regarding the development
 
of nuclear technology in this state. It may conduct studies,
 
investigations and pilot projects on the feasibility of utilizing
 
nuclear power. -Its planning also may affect land use through its
 
power to establish regulations for the storage, disposal and, safe
 
utilization of radioactive materials.
 
Power Plant and Transmission Line Siting Committee
 
This is an interagency committee which reviews plans for the
 
location of power plants and power transmission facilities.
 
Before such facilities may be established, the Committee must
 
issue a certificate of environmental compatibility for the projects.
 
This Committee has not beed given express planning authority, but
 
this can reasonably be implied, as necessary to the proper
 
functioning of the Committee in carrying out the statute's
 
directive to consider various environmental factors. All persons
 
who expect to construct such power facilities must file ten year
 
plans with the committee.
 
Department of Transportation
 
This Department has planning responsibilities for public transit,
 
state highways and aviation. The Department has a transportation
 
planning division "which is responsible for state planning studies,
 
including but not limited to, priority programming, local govern­
ment coordination, transportation safety and other related
 
functions." As previously described, the planning process for
 
airport and highway development is especially detailed. Five year
 
construction programs, with project priorities are prepared
 
annually by special planning committees and reviewed by the
 
Transportation Board. The priorities assigned to projects must be
 
based upon a rating formula which takes into account land use,
 
aesthetic, environmental and other factors. For the five year
 
highway program, the statutes require a public hearing before
 
adoption, submission of reports to the Governor and the public,
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and a procedure for revising the program. The Director of the
 
Department also has responsibilities for providing technical
 
planning assistance to local governments and for coordinating
 
local transportation planning with regional and state planning.
 
Office of Economic Planning and Development
 
The agencies listed above all engage in planning which affects
 
land use, but they do not have authority for comprehensive land
 
use planning. Their planning is either an adjunct to specific
 
operational responsibilities or is restricted to a particular
 
subject area which is too narrow to encompass all land use
 
planning. There are, however, two agencies with broad planning
 
authority which is not limited to a narrow subject matter or
 
operational area.
 
In the Governor's office, there is the Office of Economic Planning
 
and Development. The Planning Division of this Office, in addition
 
-to such other responsibilities as may be assigned it, is 

responsible for "economic planning, economic research and
 
scientific and technological planning." The legislature has
 
specifically directed this Office to establish a clearinghouse
 
for information on "Arizona's economy and resources as they relate
 
to economic planning and development" and to "maintain a current
 
inventory of the resources of the state."
 
Although the enabling statute does not specifically direct the
 
Office to prepare a land use plan, the statutory authority to
 
engage in economic planning and research is broad enough to
 
cover land use planning. Many of the responsibilities of the
 
Office are central to a comprehensive planning program. Estab­
lishing a data clearinghouse and inventorying state resources
 
are important parts of the comprehensive land use planning.
 
With the approval of the Governor, the Planning Division of the
 
Office of Economic Planning and Development conducts various
 
programs which relate directly to comprehensive land use planning.
 
These include a study of current land use, an open space study
 
and an urban expansion study. Projects on public land ownership
 
and natural areas have been completed and a report on large scale
 
remote subdivisions is in preparation.
 
In addition, the Planning Division is involved in other activities
 
which relate to statewide land use planning. Under its duty to
 
"stimulate and encourage" the planning of other agencies, it
 
provides planning assistance for the planning programs of cities,
 
towns, counties, regional councils'of government and Indian
 
reservations. It engages in research on developing a planning
 
information base, population and economic projections, economic
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and environmental trade-offs and energy problems. And it performs
 
a coordinating function between local, state and federal agencies
 
through its relationship to the Governor, its position as Chair­
man of the Inter-agency Economic Coordinating Council, its member­
ship on various inter-agency planning and coordinating committees
 
and its statutory responsibility to "correlate" its plans and
 
programs with other agencies.
 
The Office of Economic Planning and Development also operates the
 
state clearinghouse for review of federally assisted programs.
 
Under the A-95 procedures, previously described, all applicants
 
for federal assistance for projects covered by the procedures
 
must notify the state clearinghouse and give it an opportunity to
 
comment upon the application. All federal agencies contemplating
 
direct development activities must notify and consult the state
 
clearinghouse. And, whenever a federal program requires the
 
development of a state plan as a condition to federal assistance,
 
the state plan must be submitted to the clearinghouse for review
 
and comments.
 
The state clearinghouse in Arizona is assisted by the Arizona State
 
Programming and Coordinating Committee for Federal Programs. This 
is an interagency committee with staff support from the Office of 
Economic Planning and Development. It acts as a reviewing body 
for proposals and plans submitted to the clearinghouse and makes 
recommendations to the Governor concerning the functions he has 
been assigned under the A-95 procedures. 
The clearinghouse functions give the Office of Economic Planning
 
and Development a critical vantage point for reviewing many of
 
the major actions in Arizona which will affect land use. Since
 
the Office receives early notification of the proposed action, it
 
can alert other state and local agencies affected by the proposal.
 
This can reduce the possibility for one agency or private party
 
to take action inconsistent with general state land use policies
 
or harmful to the interests of other members of the public. It
 
also serves to bring interagency disagreements into the open
 
where they may be debated and resolved at an early stage. Through
 
the power of comment, if it chooses, the clearinghouse itself
 
could influence the treatment of the proposal by the federal agency
 
to which it is addressed.
 
At the present time, the clearinghouse remains neutral on all
 
proposals and does not exercise its own right to comment. The
 
clearinghouse does obtain the comments of other state agencies,
 
however, which may include the Office of Economic Planning and
 
Development in its capacity as the State Planning and Development
 
agency. The clearinghouse process could become an important tool
 
for implementing state planning. The A-95 circular indicates that
 
the major purpose for creating the opportunity for state level
 
comments is to assure the compatibility of proposals with state
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planning. Thus, as comprehensive state plans and policies are
 
articulated, the clearinghouse process may become a mechanism
 
for assuring that individual projects ate consistent with the
 
state plans.
 
These functions and programs of the Office of Economic Planning
 
and Development are essential elements of a state land use
 
planning program. They will have to be integrated with the com­
prehensive state planning under a new Environmental Planning
 
Act.
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7.0 Accounting Statements
 
7.1 Cost Distribution as of February 4, 1977 

Personnel
 
LAR 
Staff 

Overhead 

Travel
 
Test Sites 

Meetings & Conferences 

Expendables
 
Maps, Materials, etc. 

Other 
Cash on Hand 

7.2 Follow-on
 
Projects
 
Test Site 

Additions
 
Grant State Man/
 
Funds Expenses Months
 
-0- -$5,984.00 
$5,204.39 -0- I 
209276 718.00
 
235.30 1,120.00
 
1,561.08 380.00
 
610.40 1,300.00
 
179.07
 
$8,000.00 $9,502.00
 
$2,500.00 	 Unknown at
 
this time
 
OF -pool' 
APPENDIX D
 
Colorado State Report
 
FINAL PROJECT REPORT FOR COLORADO
 
Particieation in a Rocky Mountain Regional Project--Applications of
 
Remote Sensing and Other Data for Composite Analysis in Land Use and
 
Natural Resources Decision-Making.
 
Prepared by:
 
Colorado State University
 
Department of Earth Resources
 
Fort Collins, Colorado 80523
 
and
 
Environment Consultants, Inc.
 
720 Kipling - Suite 12
 
Lakewood, Colorado 80215
 
Under contract to:
 
Colorado Energy Research Institute
 
P.O. Box 366
 
Golden, Colorado 80401
 
Prepared for:
 
The Federation of Rocky Mountain States
 
NASA PROJECT
 
#NAS5-22338
 
9ecember, 1976
 
TABLE OF CONTENTS
 
PREFACE AND ACKNOWLDEGEMENTS . ... i............. 

ABSTRACT ...... ................ .v.......... .
 
1.0 THE PROJECT AREAS .............. ........... 1
 
1.1 Location of Colorado Project Quadrangles.......
 
1.2 Description of the Project Quadrangles......... 1
 
1.2.1 Alamosa West ...... ................. 3
 
1.2.2 Manassa .............. ......... 4
 
1.2.3 Zapata Ranch ......... ............. 4
 
1.2.4 Fox Creek .......... ........ .. . . 5
 
1.3 Test Quadrangle Selection ........ .......... 5
 
2.0 LAND USE/COVER CLASSIFICATION .......... ........ 7
 
2.1 Classification Scheme .......... ......... 7
 
2.2 LANDSAT Images .......... ................ 7
 
2.3 Supplementary Data Sources........... . . . 9
 
2.4 Visible vs. Activity Classification Differences . . . 9
 
3.0 LANDSAT DATA UTILIZATION ........ ......... ....11
 
3.1 Training Site Selection ...... ............. 11
 
3.1.1 Procedure, problems, and pitfalls...  ... 11
 
3.1.2 Training data collection cost ... .... ..11
 
3.2 Verification Procedure ...... ........... ....11
 
3.2.1 Methods .......... .......... .....11
 
3.2.2 Comments .............. ...... .. .12
 
3.2.3 Results .......... ........... ...13
 
3.3 Comparison of LANDSAT With Other Survey Methods . . . 19
 
3.3.1 Current land use classification methods . . . . 19
 
3.3.2 Problems and cost of the LANDSAT process . . . 20
 
4.0 MULTI-SOURCE COMPOSITING (LANDSAT PLUS OTHER DATA) . . . 22 
4.1 Composite Map Analysis ...... ............ ..22
 
4.1.1 	 Cellular mapping considerations..... ... 22
 
4.1.2 	 Composite formulation ..... .... ...... 24
 
4.1.3 	Ancillary data ...... ........ .... 28
 
4.1.4 	Results of compositing study ...... . .. 29
 
4.2 Potential Role of Other Agencies .. ......... ... 30
 
4.2.1 	 Participation and interest of other state
 
agencies ..... .... .. ......... ..30
 
4.2.2 	 Data banking considerations ..... ...... .31
 
4.2.3 	Data availability and form . ....... ... 32
 
5.0 	SUMMARY OF FINDINGS AND RECOMMENDATIONS ... ....... .. 36
 
5.1 Recommendations to the State of Colorado . . .... 36
 
5.1.1 	 Cost and efficiency ..... ... ........ 36
 
5.1.2 	 Administrative needs ..... .... .... 38
 
5.2 	 Recommendations for Interstate Collaboration. . . 38
 
6.0 	RELATED PROJECT ACTIVITIES ..... .... ........ ...39
 
6.1 Spin-off Values ..... .............. ..... 39
 
6.2 Related Projects ..................... ..... 39
 
7.0 	ACCOUNTING STATEMENT ... ......... ......... ..40
 
7.1 	 Cost Distribution ..... ..... ......... ..40
 
7.2 	 Staff-Time Distribution ..... .. ............. 40
 
8.0 	APPENDICES
 
8.1 	 Verification Material (Single Cell and Aggregated)
 
8.2 	Valuation Parameters (Including Soil Symbol
 
Description)
 
8.3 	Fox Creek Quadrangle and Composite Maps
 
8.4 	Comments from Reviewers
 
ii
 
PREFACE AND ACKNOWLEDGEMENTS
 
The main purpose of this exercise was to begin to give western states
 
exposure to the possibility of using LANDSAT information in planning processes.
 
Because no agency in the mainstream of the state's planning structure was
 
able to undertake this project, it did not have as much impact as"-might be
 
hoped so far as influencing greater use of this approach is concerned.
 
A briefing was held in early December, on the results on the project, and
 
was attended by representatives of the Departments of Agriculture and Local
 
Affairs, and the Legislature. Although quite a bit of interest was expressed at
 
the meeting, itwas pointed out that the major barrier to making more use
 
of this information is that presently there is no agency that has the resources
 
or mission to undertake major use of this information in a cost-effective
 
way. It seems doubtful that much progress will be made in the use of
 
LANDSAT and compositing processes until such time as an agency is given
 
or takes on the responsibility for making that come about.
 
We would like to acknowledge the following people for their assistance on
 
the oroject: 
Project Contributors 
Name Title Organization 
Eugene Maxwell Professor, Dept of Earth Colorado State University 
Resources 
Dave Ver Steeg Consultant Environmental Consultants
 
Inc.
 
Keith Turner Professor, Dept of Geology Colorado School of Mines
 
Tom Hart Graduate Student Earth Science, Colorado
 
State University
 
James Welch Graduate Student Earth Science, Colorado
 
State University
 
Roy Pattison CSU Extension Agent Alamosa
 
Abe Rebya CSU Extension Agent Alamosa
 
Bob Irvine Colorado State Forest Service Alamosa
 
Alan Hollingsworth Colorado State Forest Service Alamosa
 
Ed Bechaver Land Use Administrator Conejos Courty
 
lii 
Project Contributors 

Name 

Jim Yenter 

Reviewers
 
Robert Burns 

Phillip Sims 

Dave Carlson 

Rep. Gerard Frank 

cont.
 
Title 

Soil Scientist 

Planner 

Professor, Dept of
 
Range Sciences 

Resource Analyst 

iv
 
Organization
 
U.S.D.A.,Alaniosa
 
Division of Planning,
 
Dept of Local Affair
 
Dept of Local Affair
 
Dept of Agriculture-

Colorado State
 
Legislator
 
ABSTRACT
 
The Fox Creek test quadrangle in the San Luis Valley of South-

Central Colorado was primarily chosen for LANDSAT verification and
 
demonstration compositing studies because of its representative

diversity of land use classes. In addition, the quadrangle poss­
esses a variety of physiographic features which make it an appealing
 
test area to assess the desirability of incorporating groundbased
 
ancillary data to improve LANDSAT classifications of land use. The
 
test area contains many of the same activity and vegetative cover
 
classes seen in areas of Colorado where potential surface extractable
 
energy resources are present. Revegetation of these potentially
 
mineable areas is today an urgent and high priority objective of
 
any energy development plan. The composite mapping demonstration
 
deals with rehabilitation potential of disturbed lands utilizing the
 
Fox Creek test quadrangle. The project serves as an initial attempt
 
to determine the feasibility of employing the resultant methodology
 
to a variety of land use planning problems.
 
Judging from the class types which survived training data analysis

and the verification results, the resolution of LANDSAT, 1.1 acre
 
cellular elements, was appropriate for the delineation of cover
 
type patterns in the Fox Creek test area. LANDSAT multidate
 
processing seems to provide enough discrimination levels for defin­
ition and inventory of many significant land use classes. The
 
supervised digital classification of land use using LANDSAT imagery
 
as an operational tool appears to be near. Colorado has discovered
 
solutions to some localized inconsistencies, but operational status
 
for the San Luis Valley itself seems to be at least one more iteration
 
away.
 
The Compositing demonstration was designed to show the power of the
 
technique, rather than to produce any specific answer, or an answer
 
which could not be anticipated through a careful analysis of the
 
data. Several advantages of composite mapping analysis are high­
lighted including: (a)spatial display of ordinal data, (b)repeat­
ability, (c)speed, (d)cost, and (e)complementary utilization with
 
LANDSAT data. This is a good step and time will demonstrate the impact
 
of these products. Three major needs are apparent: (1)operational
 
commitment, (2)financial suoport, and (3)coordination. Once these
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techniques are accepted by state agencies, the first two needs
 
can i be evaluated and the required steps undertaken.
 
The results of th-is project have been encouraging enough to promote
 
sound assurance that operational status is not far away. Operational
 
readiness on a routine basis must be established before State
 
agencies can include LANDSAT processing in their planning and
 
mapping programs. The technicians cannot guarantee an acceptable
 
(cost and quality) product without more experience and better
 
equipment, and the State cannot commit itself to LANDSAT use until
 
better products are available. Future research must be specifically
 
directed to this dilemma.
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1.0 THE PROJECT AREAS
 
1.1 Location of Colorado Project Quadrangles
 
The four quadrangles (Zapata Creek, Manassa, Alamosa West, and
 
Fox Creek) shown in Figure 1 are all located in the San Luis
 
Valley of Southern Colorado. Fox Creek Quadrangle, outlined by
 
the heavy line in Figure 1, was utilized as the test quadrangle
 
for compositing studies within the overall context of the project.
 
Training sites were selected within these quadrangles to calibrate
 
the land use classification process. These sites are reoresentative of
 
the land uses and cover-types found within each of the quadrangles.
 
Each site was classified into the framework of the 17 land use
 
categories assigned for the project (Table 1) which varies from
 
activity to natural cover classifications. The natural vegetation
 
was further described in terms of: slope, crown closure and slope
 
aspect.
 
Test sites were established by graduate research assistants from
 
Colorado State University who were contracted to begin this work
 
inAugust, 1975. Initially, land uses and cover types were
 
reconnoitered to assess the general categories within the four
 
quadrangles. Colorado State Forest Service and C.S.U. Extension
 
Service personnel in Alamosa, Colorado gave further assistance in
 
reviewing field work and helping locate representative training
 
sites in each quadrangle. Extensive utilization of aerial photo­
graphs and field recorded data helped to select specific training
 
sites. Field documentation included the notation and mapping of:
 
dominant plant species, per cent coverage, soils, slope aspect and
 
any other features of the site which might affect the remotely
 
sensed spectral signature. On cropland, an effort was made to
 
ascertain what crops were planted in 1974 and their seasonal phrenologies.
 
1.2 Description of the Project Quadrangles
 
These four project quadrangles were selected to provide a com­
prehensive representation of those land uses and vegetation types

which are most prevalent in the southern San Luis Valley. Zapata
 
Ranch characterizes the tightly stacked vegetation zones on the
 
westslope rise of the Sangre de Cristo Mountains. It also provides
 
instances of rangeland and other processes associated with
 
the sand dune accumulations in that sector of the valley. Alamosa West
 
contains commercial and semi-urban land uses, some agriculture,
 
and a sample of the greasewood-saltmarsh complex which is scattered
 
throughout the valley onthe less well-drained portions. Manassa
 
quadrangle exhibits examples of riparian and basalt butte communities,
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Whitetop, Canadian thistle, and Mouse-ear povertyweed). It is
 
hoped that weed problem areas may be identified using satellite
 
imagery.
 
1.2.2 Manassa
 
The Manassa quadrangle is also predominately situated on the San
 
Luis Valley floor. Again, the topography is extremely flat except

for a few volcanic stocks that rise several hundred feet above the
 
valley floor. Both the Conejos and San Antonio Rivers cross the
 
area and the rural towns of Manassa and Romeo are located within
 
the quadrangle. Farmland and pasture predominant the land uses.
 
Natural vegetation is either riparian cottonwood communities
 
along the rivers or dry grass-shrub rangeland on the coarse,
 
well-drained soils of the volcanic stocks.
 
1.2.3 Zapata Ranch
 
The Zapata Ranch quadrangle is in sharp contrast to the two previous
 
quadrangles situated in the San Luis Valley bottom. It includes a
 
section of the valley's eastern edge, as well as a large area of
 
the Sangre de Cristo Mountains. These mountains rise abrubtly

3,500 feet above the valley in a short distance of 3 to 4 miles.
 
All drainages in the quadrangle flow towards the west out of the
 
Sangre De Cristo Mountains; the eastern slope of this range is not
 
included in the quadrangle boundaries. A unique feature of this
 
region is the Great Sand Dunes, which lie on the western edge of
 
the Sangre de Cristos.
 
Except for one large cattle ranch with hay meadows and short grass
 
pastures, virtually the entire quadrangle is still undeveloped.

Because of the sharp vertical rise of the Sangre de Cristo Mountains
 
and the corresponding large change in elevations, there is extreme
 
diversity in the plant communities. In areas of alkaline soils
 
on the valley edge, greasewood shrub dominates. Greasewood shrub is
 
succeeded by a dry grass-shrub range at the first shift in relief.
 
Approachinq the mountains, large alluvial fan deposits are covered
 
with pinyon-juniper forests. This forest type is succeeded by a
 
White fir-Douglas fir mix and aspen stands along the steep mountain
 
canyons. Finally the higher reaches are represented by spruce

forests, a section of tundra, and meadows occurning throughout.
 
There isa grass-forb association adapted specifically to colon­
ize theunique physiography of the sand dunes.
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Fire has played an important role in the ecology of this quadrangle.

Over one hundred years ago a fire swept through higher areas of the
 
mountains. Presently various stages of plant succession are evident
 
and form a sharp contrast to the mature climax forests left untouched.
 
Another fire burned 400 acres of a Douglas fir stand in 1974.
 
1.2.4 Fox Creek
 
The Fox Creek quadrangle is situated on the western edge of the San
 
Luis Valley. It encompasses part of the southern end of the San
 
Juan Mountains. Here the mountains rise in a very moderate upwarp

from east to west capped by a resistant basalt layer. Cutting

through this flat plateau top is the Conejos River and several
 
minor drainages.
 
As is the case with the Zapata Ranch quadrangle, agricultural

lands are few, scattered along the Conejos River. The predominant
 
vegetation type adapted to the lower elevations is open dry range

characterized by bunch grasses and rabbitbrush. Mixed with this
 
range type are stands of pinyon-juniper, Ponderosa pine, and some
 
sagebrush. In the deeper upland drainages, Douglas fir-White fir
 
communities occupy steep northern exposures. The high tabletop

land of this upwarp is dominated by mixtures of spruce, fir, aspen,
 
and montane meadow. Much of these areas were heavily logged in the
 
early 1900's which partially accounts for the variety of vegetation
 
patterns.
 
1.3 Test Quadrangle Selection
 
Fox Creek quadrangle was primarily chosen as the test quadrangle
 
for LANDSAT verification and demonstration compositing studies
 
because of its representative diversity of land use classes.
 
Additionally, the quadrangle possesses a variety of physiographic

features which make it an appealing test area to assess the desir­
ability of incorporating groundbased ancillary data to improve

LANDSAT classifications. This improvement would derive from better
 
prediction in areas of shadow in the LANDSAT imagery resulting

from slope and aspect angle conditions which mask the spectral
 
reflectance of these various classes.
 
The test area contains many of the same activity and vegetative
 
cover classes seen in areas of Colorado where potential surface
 
extractable energy resources are present; hence, the technology

should be transferable. Revegetation of these potentially mine­
6.
 
able areas is today an urgent and high priority objective of any
 
energy development plan. Therefore, the composite mapping demon­
stration will deal with rehabilitation potentia of disturbed
 
lands utilizing the Fox Creek test quadrangle. Although there are
 
no significant energy resources or energy facilities involved
 
in the test quadrangle, the project will serve as an initial
 
attempt to determine the feasibility of employing the resultant
 
methodology to areas which do have surface extractable energy
 
resources.
 
This disturbed land rehabilitation scenario will provide a
 
framework from which the difficulty of returning the disturbed
 
land to its original vegetative state may be assessed and
 
evaluated. Areas within the Fox Creek quadrangle which have been
 
logged in the early 1900's should provide useful calibration sites
 
for determining how far the vegetative stand has progressed
 
through time.
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2.0 LAND USE/COVER CLASSIFICATION
 
2.1 Classification Scheme
 
Training classes were selected on the following bases:
 
(1) The V-I classification framework (original 19 classes,
 
Table 1)was diversified in order to produce more
 
descriptive mapping units, in order to present more
 
homogeneous training models to the LANDSAT classifier,
 
and in order to test more thoroughly the discriminant
 
potential of the entire LANDSAT-CSU software processing
 
system.
 
(2) These more detailed classes could then be logically
 
grouped into fewer classes if their original
 
configuration was found to be inadequate.
 
(3) This detailed classification process rendered the
 
objective of comprehensive training sets to be more
 
realistic and workable. To find every type of coniferous
 
forest (mixtures as well) is more difficult than to find
 
representatives of each of five types. In the first
 
case, the classifier may encounter areas on a quadrangle
 
which do not resemble the general collective character of
 
coniferous forest; while in the second case, such
 
anomalous instances have a greater probability of more
 
closely resembling one of the five specific classes.
 
Table 2 (o. 8) tabulates the entire list of training classes (45 classes)
 
utilized for LANDSAT verification. The composite map followirg Table 2
 
shows the landuse classifications based on LANDSAT imagery.
 
2.2 LANDSAT Images
 
Judging from the class types which survived training data analysis,
 
and from the verification results, the resolution of LANDSAT cellular
 
elements was appropriate for the fine texture of cover type patterns
 
in the Fox Creek area. Aggregation to 10 acre cells did not improve
 
results. LANDSAT multidate processing seems to provide enough
 
discrimination opportunities for definition and inventory of many
 
significant land use classes. The failures incurred during training
 
data assessment and those assessed during verification were for the,
 
most part the result of intentional overestimation of satellite
 
system capability. We now can better assess LANDSAT's inventory
 
potential.
 
It is concluded that supervised digital classification of land use
 
using LANDSAT imagery is a viable tool only if used in the following
 
spirit. In light of the lessons learned during this project regarding
 
performance of local land use patterns, the process would become
 
operational only through iterative refinement. Each state involved
 
ORIGI.AL PAGE IS 
OF pOor QIJMIf 
8.
 
Table 2. Training site classification list
 
F = Forest Group
 
R = Range Group
 
C = Crop-Development Group
 
* = Deleted after analysis
 
C 
C 
C 
C 
C 
C 
C 
ALFALFA 
BARLEY 
OATS 
PLOWED GROUND 
POTATOES 
POTATOES 
SPRING WHEAT 
C 
C 
C 
C 
C 
C 
C 
COMMERCIAL (Alamosa) 
DOWNTOWN RESID. (Alamosa) 
NEW MED. DENS. (Alamosa) 
OLD MED. DENS. (Alamosa) 
SMALL TOWN (Romeo) 
*LAWN (Alamosa) 
FEEDLOTS 
C FALL WHEAT C IRRIGATION PONDS 
C R F PASTURE 
R DRY PASTURE 
R F MONTANE MEADOW 
F SUBALPINE MEADOW 
F TUNDRA 
R MARSH 
R RIPARIAN GRASS/SEDGE 
R F RIPARIAN WILLOW 
F RIPARIAN COTTONWOOD 
F ASPEN 
F PONDEROSA PINE 
F DOUGLAS FIR/WHITE FIR 
R F PINYON-JUNIPER 
F MOUNTAIN MAHOGANY 
F SPRUCE-FIR 
F LOGGED REVEGETATING 
R SAGE 
R RABBITBRUSH 
R F MIXED RABBITBRUSH/GRASS 
R GREASEWOOD 
R *YUCCA 
R SANDY GRASS 
R SAND 
R SODIC SOIL 
R SALINE SOIL 
.R F MOUNTAIN ROCK 
C *VALLEY BASALT BUTTE HEAVILY VEGETATED
 
C *VALLEY BASALT BUTTE LIGHTLY VEGETATED
 
C VALLEY BASALT BUTTE UNVEGETATED
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in the project seems to have special needs, and special problems in
 Colorado has discovered

using these procedures to meet those needs. 
 status
 some localized inconsistencies, but operational
solutions to 

for the San Luis Valley itself seems to be at least one more iteration
 this are often one
 
away. It seems that prototype projects such as 
In this regard, more
 shot attempts at solving a larger problem. 

benefit could arise from this effort if follow-on refinements 
would,
 
turn recommendations documented herein into operational improvements,
 
a new threshold of inventory efficiency
and subsequent questions into 

for the local use.
 
2.3 Supplementary Data Sources
 
Supplementary data may be used in several ways to improve classi­
fication results. For the Fox Creek quadrangle the primary improve­
ment could likely be obtained by using elevation, slope and aspect
 
angle as supplementary data. This data would be used to compensate
 
for changes in radiance caused by slope-aspect changes. This could
 
be expected to improve the LANDSAT map accuracy. This method is
 
normally incorporated in the algorithm used to process the digital
 
LANDSAT data.
 
Another use of supplementary data is to modify classification
 
results byincorporating nonvisible characteristics such as
 
zoning, census data, etc. This was not appropriate for Fox Creek
 
but it could have been used to improve results in the Manassa
 
and Alamosa West quadrangles. This would have reduced errors in
 
residential, commerical and industrial areas.
 
Neither of the uses of supplementary data noted here were used
 
in Colorado. Plans were underway to use slope and aspect
 
data, but time and funds did not allow for the completion of this
 
work.
 
2.4 Visible vs. Activity Classification Differences
 
All classes had some distinct spectral pattern, but there were
 
several areas where this pattern was either too complex or too
 
similar to other classes to maintain proper classification perform­
ance. The seml-urban and small town classes consisted of combinations
 
of buildings, lawns, vacant lots, trees, pavement and dirt streets
 
which yielded an inconsistent compositional makeup in relation to the
 
map cell size. In some cases they resembled portions of the basalt
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buttes, the latter consisting of varying plant cover on soil and
 
dark rock. Composite processing with city zoning as an ancillary
 
variable would undoubtedly increase classification accuracy.
 
Low density shrub classes often were underlain with special soils
 
which definitely caused bias in the final classifications. Soil
 
maps could be used to noraiize this bias in a compositing effort,
 
but the problem would be -ost effectively mitigated by increasing
 
dependency in the classifier on those LANDSAT variables (or
 
transformations thereof) dhich stress vegetative characteristics.
 
3.0 LANDSAT DATA UTILIZATION
 
3.1 Training Data Acquisition
 
3.1.1 Procedure, problems, and pitfalls
 
Since the choice of training classes was so closely related to
 
the comprehensive possibilities of land uses in each quadrangle,
 
the field research endeavored to survey land use and cover type p

within each quadrangle and subsequently, identify model areas of
 
each tentative class on all appropriate slopes and aspects.
 
Although no effort was made to locate model fields on all appro­
priate soil types, this would be a laudable objective for future
 
research.
 
The agricultural training fields were most time-consuming to
 
identify. Finding the farmer (not necessarily the owner) and
 
obtaining a recollection from him of what was planted on that site
 
in previous years is a difficult and error-ridden process.
 
In the future, it is suggested that training data be collected
 
coincident with recent coverage to alleviate this problem.
 
Color-infrared transparencies were useful in assessing the homo­
geneity of selected fields. Often impressions gained from a
 
ground perspective are marginal at best. Additionally, the photos
 
were used to assure that no significant land uses were left out
 
of the analysis. For example, sodic and alkaline soil classes
 
were added after examination of the CIR photos.
 
3.1.2 Training data collection cost
 
Three man-weeks of field time was expended in obtaining model sites
 
in 95 locations for the 45 classes over four quadrangles. While
 
this figure will vary according to type of classification, terrain,
 
and expertise of the field team, experience has shown that about
 
two man-hours per site/class are required.
 
3.2 Verification Procedure
 
3.2.1 Methods
 
One man week of field time was expended in obtaining ground truth
 
classifications at randomly located 10 acre plots. The 3x3 cellular
 
breakdowns of each plot were characterized in terms of the class
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universe used in LANDSAT processing of the quadrangle. This ground truth
 
data was gathered using verification data forms called V-2 forms (Figure
 
2). Slope-aspect and tree/shrub crown closure were also mapped to help
 
explain at a later date any individual case anomalies. Our assessment
 
process was one of collective performance measurement, so that these
 
ancillary data plots have not proved essential.
 
Fox Creek quadrangle is characterized by stable, natural cover types
 
whose change over the two years since LANDSAT coverage is
 
minimal. Several agricultural determinations were necessary, but
 
for the most part it was assumed that the current cover-type
 
e~isted at the time of imaging.
 
On certain plots precise location was impractical. The procedure
 
was then to expand the area to a 25 acre plot (5x5 cellular
 
breakdown) and to map its V-2 criteria. This approach was justified,
 
since in utilizing 3-date multiseasonal files, a three pixel row
 
can contain information from a five pixel strio due to uncontrollable
 
inaccuracy in date to date registration.
 
There were plots which contained cover types not included in the
 
LANDSAT classifications. Riparian shrub is one example. It was
 
excluded because training locations of sufficient areal extent
 
were non-existent. It was usually misclassified as meadow.
 
All mixed situations were mapped on the V-2 forms according to the
 
most prominent component, with subscripts describing associated
 
components. If the LANDSAT classification did not match the
 
specified dominant class, the pixel was wrong. In evenly mixed
 
situations, any of the codominants was considered a correct choice.
 
Seasonal changes were not a problem in the Fox Creek test quadrangle,
 
because there was no shift in actual class throughout the year.
 
The seasonal phenologies of the various natural communities
 
undoubtedly created patterns which enhanced their separability.
 
However, it is possible that with three dates the training sites
 
were overdefined to create signatures which were too site-specific
 
and did not adequately represent the variation of the entire class
 
type throughout the seasons. It is suggested, therefore, that the
 
number of training sites per class should be increased as the
 
number of different dates increases.
 
3.2.2 Comments
 
Itwas not possible to field map all 265 verification plots. Field
 
representatives did visit 145 plots chosen for their comprehensive
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LAND USE VERIFICATION State c . -- lt FORM V-2 

Quad
 
Plot# 1-37 B 
Land Use / Cover oU Crown Density of 
Divide area as FCD 6 0 %Trees and Brush 
needed and code Divide area same 
each portion. 
Use only codes 
from V-i list, FC 
o8/
80 
as Land:Use plot. 
Use peak, of growing 
season. Estimate 
plus "other -
unclassified 
CP 00 % coverage by trees 
and brush, as seen 
(CU) in full crown. 
Aspect and Slope LANDSAT
 
D classification
 
Divide area as of each 1.1 acre
 
needed. Use only 0 cell.
 
the aspects: N, co (May be filled
 
NE,E,SE,S,SW,W, in later).
 
NW, L (level).
 
Estimate slopes:
 
o%,lO%,20%,etc. L
 
L
 
Notes on data sources used in verification:
 
PO-D (t a & n)awztl
 
JOU (ota 4 -ce2)VAA'YOao a cavuttcz& , p Ad~t 
Notes on problems of location or classification of plot:
 
oU LiqCOneud4 A--t17L) Moeq%C- && 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
Figure 2. Example land use verification form, V-2,
 
for field data recording.
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coverage of the final classifications and also for their ease of
 
access and visibility. Even if every plot had been used, some
 
classes would have had too small, a veri-f- ation sample -for 
significantly accurate results. This experience suggests that a
 
procedure be formulated which allows departure from the random
 
selection method in order to bring sample sizes of rare classes to
 
a significant level.
 
3.2.3 Results
 
Verification accuracy assessment was accomplished with a computer­
ized comparison of ground truth and LANDSAT results on 1268 one-acre
 
cells within the Fox Creek Quadrangle. This represents 3.8% of the area.
 
The 18 classes used as cover types in our final LANDSAT class
 
universe were coded as level 3 classifications. These in turn were
 
regrouped into more generalized level 2 categories which match the
 
class list (Table 1) established at the September 13,and 14, 1976, FRMS
 
meeting as the shared "standard" classification for the entire
 
project. Level 1 was a final simplification comprised of rangeland,
 
forest, agriculture, urban, barren land, and water.
 
In addition to these three levels of type detail, we measured
 
accuracy in terms of two levels of areal detail: single cell
 
elements and,three-by-three cell aggregations. The computerized
 
procedure for determining the aggregated classification results was,
 
of necessity, the same for both LANDSAT and ground truth data. A
 
plurality greater than two of any single class among the nine pixels
 
was sufficient for renaming the entire group as the dominant class.
 
Plurality ties were broken by choosing the codominant class which
 
appeared first in the classification table. When no class obtained
 
sufficient plurality, the entire nine cell group was excluded from
 
evaluation.
 
Errors of omission (Type 1) and commission (Type 2) were computed for
 
each class at each areal detail across all three type details.
 
Thus, six accuracy tables were generated to provide a varied
 
perspective of satellite capabilities. In each case, table
 
diagonals were summed and divided by the overall sample size to
 
obtain a general measure of classification accuracy.
 
Assuming the accuracy tests were dealing with binomial populations
 
of matched and unmatched cells, discussions are limited to those
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classes whose sample size exceeded 10 cases. Any smaller sample
 
would yield accuracy measurements of questionable validity.
 
Error analyses are incomplete without a consideration of error
 
sources. Satellite system noise and data anomalies caused by cloud
 
and topographic shadows are two constraints over which the user has
 
little control. For instance, system noise is most damaging when,
 
efforts to separate classes of similar spectral response are over­
whelmed by the differences in calibration of the six MSS units which
 
scan 6 lines at once. CSU used a low-pass filter preprocessor to
 
reduce such noise. In cases such as rabbitbrush vs. mixed grass-rabbit­
brush, the separability of two similar signals was too slight to be main­
tained with confidence. This error source is likely responsible in large
 
part for errors which are "traded" between two classes.
 
In analyzing these results, it is important to realize that with this
 
random location of test plots, boundary decisions are likely to be
 
quite prevalent, especially considering the natural intermixing of
 
these cover types. Underlying the following discussion, therefore, is
 
the assumption that a significant proportion of the observed error is
 
due to intracellular heterogeneity of type. The raw computerized
 
comparison results for single cell and aggregated cell verification
 
analysis are provided inAppendix 8.1. Validated Tables 3 through 8,
 
which exclude small sample classes, will be discussed on a class-by-class
 
basis to exemplify field, selection errors.
 
Validated Table 3. Level 3 - Type I Accuracy, Single Cell
 
% %
% Correct % 

Class Confusion #1 Error Confusion #2 Frror Confusion #3 Error
 
4.4 .......
7.0 Wet Pasture
80.7 Meadow
Rabbitbrush 
 4.1 .......
Dense Shrub
Grass/R-brush 84.3 Meadow 5.6 

Dense Shrub 53.7 Meadow 14.6 Grass/R-brush 9.7 Pinyon-Juniper 7.3
 
*Mt. Mahogany 41.7 Pinyon-Juniper 33.3 ..............
 
Meadow 85.5 Pinyon-Juniper 3.7 Dense Shrub 3.7 Ponderosa Pine 3.4
 
Wet Pasture 68.0 Meadow 12.0 Dense Shrub 8.0 Barley 6.0
 
White/Doug Fir 46.8 Ponderosa Pine 27.6 Meadow 9.6 Spruce 8.5
 
Pinyon-Juniper 75.9 Dense Shrub 6.5 Meadow 5.3 Rabbitbrush 5.3
 
6.9 .......
Ponderosa Pine 68.6 Pinyon-Juniper 20.6 Meadow 

Aspen 77.0 Meadow 11.5 Ponderosa Pine 8.0 Cottonwood 3.4
 
Cottonwood 76.0 Aspen 14.0 Ponderosa Pine 4.0
 
OVERALL ACCURACY = 74.4%
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Validated Table 4. Level 2 - Type I Accuracy, Single Cell
 
% I%%
 
Class % Correct Confusion #1 Error Confusion #2 Error Confusion #3 Error
 
Shrubland 82.8 Grassland(noi) 8.0 Coniferous F. 3,.2 Grassland(irr) 2.5
 
Grassland(noi) 83.0 Coniferous F. 7.5 Shrubland 6.8 .......
 
Grassland(irr) 66.7 Grassland(noi) 12.5 Shrubland 10.4 Deciduous F. 6.3
 
Coniferous F. 83.4 Shrubland 6.7 Grassland(noi) 6.7 Deciduous F. 1.8
 
Deciduous F. 83.2 Grassland(noi) 8.4 Coniferous F. 6.9 .......
 
OVERALL ACCURACY = 82.2%
 
Validated Table 5. Level 1 - Type I Accuracy, Single Cell
 
rrnr Confusion #3 Error
 rror Confusion #2 
Class % Correct Confusion #1 

Rangeland 91.8 Forest 6.5 ..............
 
..
Forest 86.5 Rangeland 12.3 ----.. 

OVERALL ACCURACY = 89.5%
 
Validated Table 6. Level 3 - Type I Accuracy, Single Cell
 
Class % Correct Confusion 71 Error Confusion #2 Error Confusion #3 Error
 
*Rabbitbrush 75.0 Meadow 8.3 Wet Pasture 8.3 Small Town 8.3
 
Grass/R-brush 82.6 Meadow 4.3 Dense Shrub 4.3 Rabbitbrush 4.3
 
Meadow 82.1 Pinyon-Juniper 5.1 Dense Shrub 5.1 Ponderosa Pine 5.1
 
*White/Doug Fir 30.0 Ponderosa Pine 50.0 Spruce 10.0 Aspen 10.0
 
Pinyon-Juniper 76.2 Dense Shrub 9.5 Meadow 9.5 Rabbitbrush 4.8
 
*Ponderosa Pine 54.5 Pinyon-Juniper 27.2 Meadow 9.1 White/Doug Fir 9.1

*Aspen 100.0 ---- --- ---- ---.... 
OVERALL ACCURACY = 73.9%
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Validated Table 7, Level 2 - Type I Accuracy, Aggregated 
Class % Correct Confusion #1 Error Confusion #3 ErrorConfusion #2 Error 
Shrubland 83.3 
Grassland(noi) 83.3 
Coniferous F. 86.4 
Grassland(noi) 
Coniferous F. 
Shrubland 
9.5 Grassland(irr) 
8.3 Shrubland 
6.8 Grassland(noi) 
2.4 
8.3 
4.5 
Deciduous F. 
Deciduous F. 
2.4' 
2.3 
*Deciduous F. 100.0 ---- --­
= 
OVERALL ACCURACY 85.2%
 
Validated Table 8. Level 1 - Type 1 Accuracy, Aggregated
 
Class % Correct' Confusion #1 Error Confusion #2 Error Confusion #3 Frrnr
 
8.1 ..... ........ .
Rangeland 91 .9 Forest 

Forest 89 .3 Rangeland 10 .7 ..............
 
OVERALL ACCURACY = 90.8%
 
Notes pertaining to Tables 3-8:
 
*Sample size near lower limit of significance
 
Confusion titles 1, 2 and 3: Error levels for omission misnamings are given
 
in order of descending severity (1-3).
 
(noi): non-irrigated
 
(irr): irrigated
 
Amplification of Table 3
 
Single cell classification of level 3 shrub categories was in
 
general quite satisfactory. Based on the heterogeneity of type
 
and steepness of slopes upon which the training sets for dense
 
mixed shrub were located, the poor verification results were
 
expected. Owing to the sparsity of mountain mahogany in all
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but two large stands, neither of which was sampled by the random
 
verification sampling, the poor verification results are under­
standable. In general, the shrub stands in the area are rarely
 
pure, and the confusions born out in the verification analysis
 
are consistent with the anomaly types found within shrub areas.
 
Grassland level 3 classification performance was quite encouraging.
 
The high proportion of meadow errors inwet pasture tests is
 
explained by the fact that no information was available on the
 
moisture regimes of the wet pasutre training sets at the time
 
of the imagery.
 
The poor fir classification performance is explained in part
 
by the location of over one-alf of the training fields for this
 
class in Zapata Ranch Quadrangle, 60 miles across the valley.
 
These "extension" models were located on steep and heavily shadowed
 
northest aspects, so the the fir signature was not representative
 
of the more highly illuminated stands in the Fox Creek area.
 
Fir was therefore mislabeled ponderosa pine, a more reflective
 
coniferous type.
 
Pinyon-juniDer errors of omission are ascribed to those cover
 
types which are typically in association with pinyon-juniper, in
 
general the full range of grass to shrub/soil. Likewise, ponderosa
 
pine classification errors as meadow are attributable to the
 
ponderosa pine-meadow association. However, the strong misclassi­
fication of ponderosa into pinyon-juniper represents a more
 
serious failure to discriminate. In terms of the training fields
 
assigned to either class, the error level is unexplainable.
 
It is di'fficult to avoid the conclusion that ponderosa pine and
 
pinyon-juniper are too similar in terms of seasonal spectral
 
phrenologies to allow complete separation through the processes
 
used on this project.
 
Aspen classification results are quite satisfactory in spite of the
 
meadow and ponderosa pine mistakes. Itwas well known that meadow
 
training fields contained small clusters of aspen, but itwas
 
hoped that the processing algorithm would be able to clean these
 
out. Apparently this approach was not successful in this instance.
 
Aspen and connonwood were mutually confused, indicating a lack of
 
complete separability. This conclusion is strengthened by their
 
shared ponderosa error; in turn, this implies a certain deciduous
 
component in the ponderosa training set.
 
Amplification of Tables 4 and 5
 
In generalizing the detailed classes, accuracies were improved will
 
beyond the average performance of the original individual classes.
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In every case but irrigated grassland at level 2, a higher

performance measure was achieved. Obviously, mistakes within
 
generalized groupings were eliminated, and it is probable that
 
the misclassifications which persisted were the result of
 
boundary decisions more than any other cause.
 
The improvement of accuracy with simplication of type does not
 
necessarily suggest that better classification would result from
 
training at these more general levels. To the contrary, the type
 
of mistakes described above might be more prevalent with training
 
regimes of increased heterogeneity.
 
Amplification of Tables 6-8
 
The similarity of these three tables with the first three implies

that the error sources responsible for imperfections at single
 
cell level were carried over into the aggregated version. There­
fore, while a lack of bias in the aggregation procedure is indi­
cated, there seems to be little benefit in producing a coarser
 
cellular output in this manner.
 
3.3 Comparison of LANDSAT With Other Survey Methods
 
3.3.1 Current land use classification methods
 
The most common land use classification methods are (1)use of
 
black-and-white, color and color IR aerial photography with con­
ventional photo interpretation analysis and (2)collection of a
 
wide variety of data (census, climate, agricultural, highway
 
maps, etc.). Ultimately either or both of these methods produce
 
data which are converted to a map format. The photo products could
 
be used at a resolution of 1 acre or less but this is not
 
commonly done. Most other types of data are not available at
 
anything near a resolution of 1 acre. Typical resolutions are
 
5 to 40 acres.
 
Land use mapping in Colorado is not common. Rapidly developing
 
areas have been or are being mapped to meet particular needs of
 
specific counties. There is little or no standardization to the
 
methods used or the resulting products. The one exception to this
 
is a series of maps prepared for the Colorado Land Use Commission.
 
For the most part these maps were prepared from existing information
 
and are not sufficiently detailed to warrant extensive use.
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Color IR imagery of 1:24,000 to 1:50,000 scale is an excellent source
 
of land use information. Activity as well as land cover related
 
uses may be accurately assessed when used by a trained photointer­
preter. The cost may be prohibitive in some instances, especially

if new imagery must be flown for a particular job. The unavail­
ability of photos is probably the most serious limitation to this
 
source of land use information.
 
Overall, land use maps tend to be made infrequently and once made,
 
they may be used for a decade or more with little updating. This
 
is probably the most important advantage of LANDSAT data products;

they can be updated as often as needed at a moderate cost. A
 
comparison of LANDSAT with the two more conventional sources of
 
information is given in Table 9.
 
Table 9. Comparison of LANDSAT
 
with Conventional Sources
 
Aerial Available 
Factors Photos Data LANDSAT 
Cost moderate to high low moderate 
Resolution < 1 acre 5 - 40 acres 1 acre 
Availability 
Cover data 
Activity data 
Updating 
Updating cost 
Accuracy 
fair 
excellent 
excellent 
good 
high 
excellent 
poor 
poor 
good 
very poor 
high 
fair 
excellent 
good 
poor 
excellent 
moderate 
good 
3.3.2 Problems and cost of the LANDSAT process
 
Selection of proper and useful classes, and good groundtruth for
 
these classes are major problems associated with the use of LANDSAT
 
data. This will be accomplished only through repeated use to gain
 
the necessary experience and skills. The cost of these operations
 
need not be excessive once proper procedures are established.
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Operational readiness on a routine basis must be established before
 
the state agencies can include LANDSAT processing in their planning

and mapping programs. This will require refinement of the CSU
 
software system and/or the purchase of a hardware system such as
 
the Bendix or G.E. equipment.
 
There is such a great difference between the costs of experimental
 
and operational programs that the current costs are really not
 
indicative of future costs. Based on current experience andt
 
prices quoted by Bendix and G.E., it appears that costs could be
 
as little as $1 to $2 per square mile for a fully operational
 
system. More likely costs for the next few years are $5 to $20 per
 
square mile for semi-production work.
 
Obviously, neither the cost nor the quality of LANDSAT products
 
will be acceptable until the state makes a commitment to their use.
 
This brings us to a pons asinorum which we are seemingly unable to
 
cross from either direction. The technicians cannot guarantee an
 
acceptable (cost and quality) product without more experience and
 
better equipment, and the state will not commit itself to LANDSAT
 
use until better products are available. Future research should
 
be directed specifically at solving this dilemma.
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4.0 MULTI -SOURCE COMPOSITING (LANDSAT PLUS OTHER DATA)
 
4.1 Composite Map Analysis
 
Composite map analyses were carried out on both the DEC-10 computer system
 
at the Colorado School of Mines and a CDC 6000 computer at Los Alamos
 
Scientific Laboratories. Atboth installations, the Generalized Map Analysis
 
Planning System (GMAPS) was utilized to produce the composited map products.
 
The GMAPS programs were designed for data compatibility with CMS-I and CMS-II,
 
but differ from then in that GMAPS operates interactively from a teletype or CRT
 
terminal in a time-sharing environment. Therefore, GMAPS is very attractive to
 
usebecause: (1)the user responds to a sequence of questions, thereby
 
defining desired operation; (2)commands may be verified and corrected,
 
eliminating meaningless operation; (3)the system is easily used by laymen;
 
and (4)the operation is cost-effective.
 
4.1.1 Cellular mapping considerations
 
Data Describing conditions of the earth's surface are unique in that
 
they contain some type of location identifier as part of the data element.
 
All geographical data handling systems require the ability to manipulate
 
this location identifier in concert with the data. The capabilities of all
 
present and proposed geographically referenced information sytems can be
 
measured in terms of three attributes (Tomlinson, 1971):
 
(1) type of location identifier,
 
(2) volume of related data, and
 
(3) quality of the data manipulation facilities.
 
These three attributes can be plotted along three mutually perpendicular
 
axes, as shown in Fugure 3. The volume of related data axis shows (on a
 
logarithmic scale) the approximate numbers of related items that may be stored
 
in various systems. The quality of data manipulation facilities axis attempts
 
to show the increasing complexity of the programs. It begins with nonoverlay
 
functions of varying complexity, starting with simple retrieval and progressing
 
through data generation and contouring, to data sorting and merging. Overlay

functions repeat the nonoverlay functions except combined (or multiple) data
 
sets are used. Beyond these levels are those systems allowing interactive
 
queries and data set manipulations, such as composite mapping systems employed
 
in this analysis.
 
The third axis refers to the type of location identifier, an important
 
measure of system flexibility. Four major classes of geo-information systems
 
can be defined according to their location identifiers as follows:
 
(1)External index systems use descriptive names or numbers to
 
identify administrative areas, street addresses, postal zones,
 
census zones, etc. the x-y positions of these are unknown to
 
the computer, thus summaries and comparisons are possible but
 
geographical analyses are not.
 
(2)Centroid location systems are a logical extension of the
 
external index systems. Each area used in the above systems
 
is given a descriptive coordinate location, for instance,
 
the location of its centroid.
 
(3)Cellular systems are the simplest form of location identifiers
 
that give uniform areacoverage. The land area is subdivided
 
by an arbitrary grid system into square or rectangular cells.
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Data is stored in matrix form, so that its position inthe
 
data array implicitly defines its geographical position.
 
(4) Explicit boundary handling systems use the computer to
 
store the boundary lines found on existing maps and to
 
handle the related land use information. Any attempt to
 
use such systems must consider the problem of handling
 
large volumes of data, especially data retrieval and
 
problems in overlaying one set of data from pne map onto
 
another.
 
The relationship of mapping scale to desired cellular resolution is
 
readily apparent in Figure 4. It is obviously important to establish
 
a mapping scale which provides adequate resolution for the scope of
 
the problem while maintaining a balance with manageable data volumes,
 
digitization costs and processing costs. As the mapping scale is
 
reduced by one-half, the required number of sectors to achieve that
 
resolution is squared. The investment in time and energy to achieve
 
unrealistic resolution requirements soon become enormous.
 
Cellular reference systems reduce the amount of required data
 
storage because they are indexed internally within the sectorized
 
matrix. Internal indexing via sectorization is inadequate when
 
attempting to mesh separate study areas (such as local, county,
 
regional, state, etc.) which have been digitized with different
 
reference points or at different scales. External indexing systems
 
which utilize latitude-longitude coordinates require a greater
 
amount of data storage but have the advantage of a single referencing
 
system. Additionally, studies conducted at different scales are
 
likewise more easily meshed using external indexing.
 
4.1.2 Composite formulation
 
The composite mappinq demonstration addresses the revegetation potential
 
of disturbed lands related to surface mineable fossil fuel resources.
 
The Fox Creek test quadrangle contains many of the same activity
 
and vegetative'cover elements typically seen in areas of Colorado
 
where thep 9ssibility of surface mining for fossil fuels exists.
 
sQuestion tbf revegetation potential are today an urgent and high

priority'objective of any energy development plan.
 
Figure 5 diagrams the flow of this revegetation index from baseline
 
data to the scenario level. All valuation parameters for each of the
 
specific map variables are contained in Appendix 8.2. The rankings are
 
valued such that dark tones represent areas of greater revegetation
 
difficulty. A series of graytone maps are presented in Appendix 8.3
 
along with the Fox Creek 7 1/2-minute quadrangle for reference with
 
the subsequent composite formulation discussion.
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Figure 4. Source: Environment Consultants, Inc.
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Figure 5. Diagram of the Fox Creek test quadrangle
 
revegetation index scenario.
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The derivative map for vegetative difficulty units is valued such
 
that lighter tones represent areas where the species are more
 
easily revegetated. Classified land use units were valued as to the
 
difficulty of revegetation based on feasibility of restoration to
 
the original stabilized state and the relative time required to
 
achieve that condition. These units were valued in consultation
 
with Dr. William Berg, C.S.U. Agronomy Department (personal communication,
 
September 8, 1976). Zero threshold land use classifications were
 
used in this analysis. The derivative map of precipitation­
evaporation index is a composite of elevation and aspect anrle.
 
Vertical elevation is given greater emphasis and lighter tones
 
represent areas of lesser available precipitation. Higher elevations
 
and north facing slopes have been given the large valued rankings.
 
Determinant maps consist of ground-based vegetative constraints and
 
temporal constraints. The vegetative constraint determinant map
 
is derived utilizing the soil types, slope and elevations baseline
 
data and the vegetative difficulty units derivative. Lesser
 
vegetative constraint is exhibited in areas of lighter tone. The
 
composite is a balance between the contribution of the ranked veg­
etative classes and the supplementary baseline data. Therefore, areas
 
of steep slope, higher elevation, poorer soil types and species that
 
are more difficult to restore are depicted as darker tones on the
 
vegetative constraint composite map.
 
Temporal constraint is a composite incorporating the precipitation­
evaporation index derivative and the sun aspect angle. It is rea­
soned that greater constraint is imposed by the availability of water
 
than the solar input; hence, greater emphasis is given to potential
 
water availability in this composite. Darker toned segments of the
 
temporal constraint composite map are areas of potentially greater
 
water availability and southern/western facing slopes.
 
Lastly, the revegetation index is derived utilizing the determinant
 
models of qround-based vegetative constraint and temporal constraint.
 
Greatest emphasis is given to the vegetative constraint in thi's scenario.
 
Again, lighter toned areas in this composite reflect circumstances
 
where disturbed land may be more easily revegetated to its original
 
stabilized vegetative community. To accomplish this objective, the
 
temporal constraint determinant model was subtracted from the vegeta­
tive constraint determinant. This was a necessary step to yield the
 
proper result, because darker toned areas (higher values) on the
 
temporal constraint map represent more optimum conditions for reveg­
etation (greater availability of water and solar input). Conversely,
 
darker toned areas (higher values) on the vegetative constraint map
 
represent circumstances that were discussed previously'which contribute
 
to a greater difficulty of revegetation.
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It was hoped that a parallel composite could be formulated which would
 
have introduced the supplementary baseline data into the land use classi­
fication along with the LANDSAT data. The desired result would be the
 
potential classification improvement in areas of shadow. This procedure
 
would allow for the assessment of improved classification accuracy in the Fox
 
Creek test quadrangle when ancillary data are combined with LANDSAT data.
 
This work was not accomplished for lack of time and funding.
 
4.1.3 Ancillary data
 
The conversion of all baseline data elements in the 1.1 acre cellular
 
format was easily accomplished with the exception of soils data. Approx­
imately 19 man-days were required to collect, analyze, code, and edit
 
the ancillary data. In addition, 19.3 hours of commercial keypunching
 
time were needed to keypunch the data. This relative ease of conversion
 
was possible because the slope, elevation and aspect angle maps were derived
 
utilizing data already on the 7 minute Fox Creek quadrangle map base.
 
Slope categories were derived by interpreting contour density, elevations
 
were categorized for every 100-foot contour interval, and aspect angles
 
were determined by delineating the dipslope orientations.
 
The LANDSAT classification data did recuire converson to a sectorized
 
format to be compatible with the supplementary gound-based data. Like­
wise, this ancillary data requires conversion to a matrix format for
 
manipulation in concert with LANDSAT data.
 
The soils data required the greatest amount of manpower effort to secure
 
and reformulate prior to conversion into a cellular format. This data
 
probably more realistically represents the type of difficulties that are
 
often encountered when comprehensive data inventories are required for
 
cellularized mapping studies. Four different problems are highlighted by
 
the soils data: (1)varying map scales, (2)non-uniform coverage over the
 
study areas, (3)portions of a single data'element may only be available
 
from a multiplicity of sources rather than a single repository and (4)
 
data often require category aggregation of "disaggregation" depending on
 
utilization purpose.
 
Likely,data will always be mapped at varying scales because of the
 
variety of needs for mapped data by many disciplines. When a uniform
 
map scale is required for many baseline da'tb sources, difficulty
 
arises if data must be "disaggregated" toreet a resolution level
 
below the accuracy of the map.
 
Studies often cross map boundaries which ate related to: (1)the
 
progress of a given mapping program over areas which had been mapped
 
earlier at a different resolution; (2)theyprogress of mapping
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programs in unmapped areas; and (3)jurisdictional boundaries such
 
as: county, state and federal lands. The result is either non­
uniform coverage over a study area which must be normalized to a
 
uniform categorization scheme or portions of a study area must be
 
This latter case is a particularly sticky
categorized as unmapped. 

'problem if data are to be composited together.
 
A myriad of data sources must always be contacted to obtain the nec­
essary information for a multidisciplinary inventory and analysis
 
study. A particularly perplexing problem is the lack of knowledge
 
by acencies of those data sources internal to the organization.' This
 
situation would seem to be the most easily correctable of any cited thus far.
 
Lastly, if different mapping units have been utilized for portions of an
 
ar under study, a uniform categorization scheme must be derived from those
 
units to suit the study purpose. Obviously, data aggregation will
 
result and some original sources information will be lost. This process
 
f'wther compounds the problem of data categorization of composite
 
mapping because these new categorization units cannot be disaggregated
 
The need for
to derive a different set of units for another study. 

state and federal standardization of data units for a variety of planning
 
and analysis purposes must be emphasized.
 
This study was limited by time and money constraints to about
 
50 square miles (one 7 1/2-minute quadrangle). Itwas designed to
 
show the power of the technique, rather than to produce any specific
 
answer, or an answer which could not be anticipated through a
 
careful analysis of the data.
 
It can be said that the final "revegetation index" map (see composite 
map following this page) merely shows the obvious-that those areas which 
are difficult or easy to revegetabon are predictable. While this is true; 
it is not the complete story. The computer-based composite approach 
is more quantified, and thus shows several shades of difficulty or ease. 
It is not readily apparent, by casual analysis of the source data, which 
upland areas are slightly more sensitive than the regional norm to 
revegetation.
 
Thus, computer-aided compositing methods may be readily
 
utilized to accurately report a revegetation index. These
 
methods have several additional advantages; including:
 
(1) repeatability; any consistant set of weights would yield
 
the same result;
 
(2) speed; these methods are far more rapid than manual methods
 
(about 8 times faster);
 
(3) cost; these methods are much cheaper than normal methods.
 
The last two advantages indicate these procedures are especially
 
useful for studying large areas.
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4.2 Potential Role of Other Agencies
 
4.2.1 Participation and interest of other state agencies
 
To date, only one state agency has expressed concrete interest in routinely
 
apolying the LANDSAT data to their problems. Some minimal interest in
 
composite mapoing has been expressed by other Colorado agencies. The
 
Deoartment of Agriculture is undertaking a smal study to look at weed
 
problems and better identify critical agricultural lands. They will be
 
using the CMS2 composite mapping system in conjunction with LANDSAT
 
information. Initial reports are expected by early 1977 from this project.
 
In general, Colorado State Agencies do not have the financial resources to
 
test and implement new procedures when old ones, no matter how cumbersome,
 
enable them to meet current legislative or federal agency reporting
 
requirements. In this respect, Colorado is probably typical of the
 
states in this region.
 
The Colorado State government structure does not appear to be
 
well suited to the implementation of a coordinated approach to
 
the collection, interpretation and overall use of LANDSAT data.
 
Agency responsibilities for landuse, landuse planning, and
 
environmental matters are fragmented among many departments,
 
divisions and bureaus., Some responsibilities may overlap.
 
The Colorado Division of Planning, Department of Local Affairs,
 
contains the office of the State Cartographer (Dr. L.F. Campbell,
 
Jr.). This office has begun the task of opening the dialogue
 
between state agencies; and many federal, state and local
 
governments. A proposed standard Land Use Classification has
 
been developed (Burns, 1975). Difficulties are apparent when
 
this system, which is based on human activities (or "uses")
 
are compared to the capabilities of LANDSAT "land-cover" classifications.
 
The Colorado Geological Survey and the State Geologist (Mr.
 
John Rold) have legislative authority to aid the review of and
 
to report on sand and gravel, and other mineral resources, located
 
within the Front Range counties; and on geological hazards
 
throughout the state. These studies are often conducted jointly
 
with the counties. Conventional airphoto coverage has been used
 
in these studies.
 
The Colorado Land Use Commission recently completed a state-wide
 
inventory. It includes a folio of maps. No comprehensive plan for
 
updating this inventory appears to be underway.
 
In many of these programs, the use of LANDSAT data could prove
 
beneficial only if it can be shown to be cost effective and
 
capable of producing useful products more rapidly than conventional
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methods. One of the major constraints to this is the spotty availability
 
of other necessary data as noted in more detail on the following page.

It appears that a much more intensive and extensive demonstration is
 
required before Colorado Agencies would become more consistent users
 
of LANDSAT data.
 
(See preface for reference to a review meeting held on this project, and
 
appendix 8.4 for specific comment from several reviewers.)
 
4.2.2 Data banking considerations
 
Emanating from some of the problems described in section 4.1.3,, a
 
possible set of considerations for data banking inventory systems
 
are suggested.
 
(1) Any approach should assess the standardization of the
 
format of the data and the development of a standard
 
resource-oriented classification of the data. Standards
 
for the form and categories of data not only ensure
 
uniformity of the assessment, but guarantee their
 
quality and comprehensiveness as well.
 
(2) The concept of flexible but uniform assessment procedures
 
can be contrasted to multiple options if standards are
 
not implemented. Clearly the simplicity and consistency
 
inherent in standardized inventory and assessment procedures
 
are preferred to the needless confusion resulting from
 
unstructured pathways. However, limited standardization
 
allows localized interests to select their own suite
 
of data sources, methods of data processing and means of
 
data storage to satisfy localized fiscal and technical
 
requirements.
 
(3) The integration of existing high-speed techniques of
 
data collection and evaluation to produce a methodology
 
by which the supplemental resource data can be accurately

inventoried and rapidly interpreted is paramount. Such
 
a methodology would undoubtedly be produced by coupling
 
remote sensing data inventory techniques to specialized
 
computer systems for environmental data analysis. It
 
would be advisable to maintain such a system at a level
 
which is most optimum for cost-effectiveness yet providing

sufficient flexibility to account for localized planning
 
interests.
 
However, as mentioned in the previous section; Colorado agencies
 
are not yet cooperating in a meaningful way in common data banks.
 
The State Cartographer is constructing a geo-data reference system.

This system will contain information concerning the availability
 
of maps, aerial photography, and special products (computer data
 
bases, etc.) organized'by 7 1/2-minute quadrangles. The ultimate hope
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is to comouter-store such a cataloaue for easy retrieval.
 
This information system conceivably 6ouid form - a focal point
 
for the eventual amalgamation of existing data sources into a
 
centrali-zed state-wide data bank. Completion of this system is
 
several years awary.
 
4.2.3 Data availability and form
 
The data requirements for this project are not of sufficient
 
magnitude to make any comments on the availability, quality and
 
frequency of data needed for planning or assessment procedures. How­
ever, recent experience with the inventory data requirements for
 
the ERDIAS--"Energy Resource Development Impact Analysis System"-­
demonstration project in northwestern Colorado does illustrate
 
the functionality and availability of data for cellular mapping
 
(CERI, 1975).
 
The identification and assessment of existing environmental data
 
required a multi-disciplinary approach so these tasks were therefore
 
subcontracted to Environment Consultants Incorporated (ECI). For
 
purposes of the evaluation of environmental data for Northwest
 
Colorado, ECI utilized four criteria as a measure of this suitability:

(1) Availability of data to the study team;
 
(2) Adaptability of data to automated processing;

(3) Compatability of data to other information to be utilized;
(4) Quality of data in terms of its resolution, accuracy,

and date of preparation.
 
Available information from federal, state and local aqencies was
 
considered for use in the ERDIAS demonstration. Additionally,
 
academic institutions and libraries were researched as sources
 
of both site specific or general data useful in this project.

Tablel1 indicates the type of information, its application to energy

development studies and the source of the data.
 
These data are not sufficient for full scale, pragmatic implementation

of a functioning predictive energy scenario system. For example, the
 
data most critical to any development of energy resources (information
 
on the location and amounts of oil, gas, coal and oil shale) are poor.

Many problems were encountered in obtaining this information from
 
the appropriate federal or state agency, and private sector sources.
 
Data on vegetation are woefully inadequate to permit prediction of
 
impacts from disruption (note: this problem may be readily solvable
 
as demonstrated in this FRMS project using LANDSAT). On the other
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Table 10 
Data Component, Application to Energy Development, and Source
 
(From CERI, 1975) 
CO"poNS'l APPLTCATTO'I TO TNRG7Y DFVFTop -r SOUROF 
Geologic System: To display the principil soil types U S. Depirtment of Agriculture 
Surface Subsystem for their engineering applications Soil Conservation Service 
Soil Associations and their capabilities after dis- General Soils Nips. For both the 
turbance. irmediate and adjacent study area. 
Geologic System: To indicate the average annual amount Colorado Land Use Cormission 
Surface Subsystem of sediment eroded from a square mile Sediment Yield Nap, Colorado, 
Sediment Yield of land surface and transported by 
water from the source area into local 
1974, horizontal scale 1 500,000 
water courses. 
Geologic System: To show distribution and spatial rel- Various geologicdmaps from the 
Subsurface Subsystem tionships of bedrock grouped according U.S.G.S. 
Bedrock Geology to behavior and properties. 
Ceologic System: To display the principal areas of U.S.G.S. maps compiled from Survey 
Energy Resources Subsystem potential oil shale production and data and industry sources. 
Oil Shale reserve quantities. 
Geologic System: To display the location and size of Rocky Mountain Association of 
Energy Resources Subsystem all producing and reserve oil and gas Geologists: Atlas of the Pocky 
Oil and Gas fields. Mountain Region Oil & Gas Fields, -
Denver, 1972. 
Geologic System: To indicate the coal producing areas Colorado School of Hines publica-
Energy Resources Subsystem of the state, both strippable and sub- tions, U.S. Bureau of Mines, U.S. 
Coal surface mining, their quality, quan- Geological Survey, industry sources. 
tity, and,estimated future reserves. 
Geologic System: Not evaluated. 
Energy Resource Subsystem 
Geothermal 
Geologic System: Not evaluated. 
Energy Resource Subsystem 
Uranium and Thorium 
Geologic System: To indicate those areas underlain by U.S. Bureau of Hines reports. 
Energy Resource Subsystem pocencially scrippable coal deposits 
Overburden on Coal 
Geologic System: To Indicate depth of overburden on U.S. Geological Survey data, and 
Energy Resource Subsystem oil shale, industry sources. 
Overburden on Oil Scile 
Geologic System- Not evaluated. 
Non-energy Resource Subsystem 
Metallic Resources 
Geologic System. Not evaluated. 
Hon-energy Resource Subsystem 
Non-metallic Resources 
Physiographic System: To display the principal landforms of U.S.G.S. Topographic llsps 1:250,000, 
Landforcs the area, since they influence scenery general caps and maps from the Water 
and affect transportation routes, wild- Resources Division of tic U.S.G.S. 
life habitat and animal migration, 
wind, vegetation, and others. 
Physiographic System: To display the percent slope in var- U.S. Dept. of Agriculture. Soil 
Slopes ious parts of the study area with 
application to potential transports- 
Conservation Service, Soil maps,
general Information maps. 
tion systems changes and erosion prob­
lems, land use potential. 
Physiographic System: To display general elevations for U.S.G S. Topographic Maps, 1000 ft 
Elevation climatic and vegetation sensitivity. contour Increments. 
Physiographic System: Not evaluated. 
Natural Hazards 
Biologic System. 
Vegetative Subsystem 
To display the gross distribution of 
major vegetation association units. 
U.S.D.A. Soil Conservation Service 
Maps, various books and CSU reports. 
Natural Vegetation 
Biologic System. Not independently Investigated, on Some data available. 
Vegetative Subsystem land use maps. 
Existing Vegetation 
Biologic System. Not evaluated. 
Vegetative Subsystem 
Unique and Sensitive Areas 
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Table 10 (cont't)
 
(0"PONF\T ,tICATIOt,' TO E',RGY DnI'omrNT 	 5OLRCE 
Wildlife Hibitac and 	 To displav beneral range limits, hab- Colorado Divi ion of Wildlife-Map 
Rare and Endangered Species 	 iat limits, and other wildlife . - at horizontal scale of 1:500.000:
 
information-for the study area for County maps at horizontal scale
 
six species, of 1 125,000.
 
Biologic System Sot evaluated.
 
Aquatic Wildlife Subsystem
 
Fish Productivity
 
Hydrologic System: 	 To illustrate the major drainage Map interpretation; U.S.G.S. 
Drainage Basins 	 systems in the study area. These Professional Paper 441, U.S.G.S.
 
s)stems are especially useful in plan- Topo Sheets 1:250,000 Craig,
 
ning future recreation facilities. Grand Junction, Vernal. Lead­
yile, map Interpretation.
 
Hydrologic System: Not evaluated.
 
Existing & Proposed Hydrologic Facilities
 
Hydrologic System: To estimate probable occurrences of U.S.G.S. Professional Paper 441 &
 
Croundwatdr groundwater in the region; with 442, and geologic reports concern­
quality and quantity values. ing bedrock units.
 
climatologic System: To illustrate the net annual evapora- U S.G.S. Professional Paper 441.
 
Potential Evaporation tion in the area. hen combined with
 
average annual precipitation these
 
maps will evaluate local aridity. 
ClImatologLc System; To display the average annual pre- U.S.G.S. Professional Paper 442.
 
Average Annual Precipitation cipitation in northwest Colorado.
 
Climatologic System: 	 To express the snow depth. As of Colorado Land UseCormission 
Snow Depth 	 April I over the past 15 years the Snow Depth; Colorado, 1974
 
very deep accumulation category indi- 1:500.000.
 
cates areas suitable for snow­
oriented recreation and areas which
 
should be investigated prior to coa­
struction. 
Climatologic System: 	 Not evaluated. 
Solar Insolation
 
Clinatologic System: Not evaluated. 
Mean Growing Season 
Climatologic System: Nor evaluated.
 
Air Quality
 
Clizatologik System: Not evaluated.
 
Wind Intensity
 
Jurisdictional System: To display accurate boundary locations State,and county maps.
 
Boundaries for City. Township, which would facilitate computer util-

County ization of socio-econovic data.
 
Jurisdictional System: 	 lotevaluated.
 
Zoning Boundaries
 
Jurisdictional System: To display information on the demo- Center for Social Research and
 
Census Boundaries graphic, social and economic charac- Development, University of Denver,
 
terisrics of the study area. U.S. Bureau of the Census.
 
Jurisdictional System: To identify how industrial develop- Colorado Department of Education. 
School Distrikt Boundaries tents or population centers would 
impact on School district tax bases 
andsevc. 
Jurisdictional System: Any inventory of present land status U.S. Dept. of the Interior; Bureau 
Land/Mineral Rights Ownership including ownership and government of Land MKanagementq Surface-Minerals 
withdrawal land. Management quadrangles. 
Land Use System: 	 A portrayal and inventory of present U S Dept. of Agriculture; Soil 
Existing Land Use 	 land use activities and ground-cover Conservation Service; Land Use Maps 
classes. their distribution and spa. Bureau of Land Management. 
tial relationships. 
Land Use System. Not evaluated.
 
Proposed Land Use
 
Land Use System: To identify areas having historical or State Archeologist and Historical 
Historical/Archeological archeological significance. Societies (very little comprehen­
sive regional Information available). 
Land Use System- Not directly mapped - approximated by 
Recreation Resources coombinations of other maps. 
Land Use System: Nor directly mapped - approximated by
 
Visually Sensitive Areas conbinations of other maps.
 
35. 
Table 10 (con't) 
CO'fnONET APPLICATION TO ENERGY UFVELOP-EIT SOURCE 
Land Use System:
Agricultural Productivity 
Not directly mapped - approximated by 
combinations of other maps. 
Economic/Demographic System: 
Population/Income/Employment Data 
To quantify the vorkforce character-
istics and capability of local 
infrastructure to adsorb energy 
Bureau of the Census. 
developments. 
Econn.ic/Demographic System: 
Transportation (existing and proposed) 
and Accessibility to Transportation 
To show the location of existing and 
proposed roads and railroads, to 
estimate accessibility to such facil-
ities, and act as a guide for future 
U.S.G.S. 1:250OO0 topographic maps, 
Bureau of Land Hanagement maps, 
county maps, industry, utilities 
and other sources. 
growth. 
Energy System: To show locations of existing energy U.S. Bureau of Mines Report, 
Existing Extr~ction Facilities extraction sites. August 1975. 
Energy System. To show locations of proposed energy U.S. Bureau of Mines Report, 
Proposed Extraction Facilities extraction sites. August 1975. 
Energy System: 
Existing Conversion Facilities 
To show locations of existing power 
stations, refinery facilities. 
U.S. Bureau of Nines Report, 
August 1975. 
Energy System: To show locations of proposed conver- U.S. Bureau of Mines Report, 
Proposed Conversion Facilities sion facilities. August 1975. 
Energy System: 
Existing Energy Transmission Facilities 
To show locations of existing pipe-
lines and transmission lines. 
Colorado Land Use Comission ftap. 
Energy System: To show locations of potential pipe- Bureau of Land Management field 
Proposed Energy Transmission Facilities lines and transmission lines, office data. 
Energy System: Not evaluated. 
Utility Service Districts, 
Energy System. Not evaluated. 
Average Degree Days 
ORIGINAL PAGE I 
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hand, data on wildlife and wildlife habitats are good and will be
 
improving. Other types of biological data are poor or non-existent.
 
Detailed socio-economic data are available from both federal and
 
state sources-. The most pressing problem with these data, however,
 
is not their availability, but the lack of suitable methodologies
 
for interpretation. Generalized information on land use and land
 
management is available. The suitabilities, according to the eval­
uation criteria, of all data which were collected and reviewed for
 
the ERDIAS demonstration are summarized in Table 11.
 
5.0 SUMMARY OF FINDINGS AND RECOMMENDATIONS
 
5.1 Recommendations for the State of Colorado -
Some Colorado State agency personnel view the LANDSAT data sources with
 
skepticism, but several are quite interested in its potential. They have
 
not been generally exposed to any LANDSAT products, other than some generally
 
lower resolution, routine photographic products from the EROS Data Center. Most
 
are unaware of the digital product lines from EROS, the procedures for using
 
them, and the results which may be produced from this digital data.
 
This project has produced some concrete products to lay on the table for
 
users to review. This is a good step. Not enough time has elapsed to
 
gauge the impact of these products.
 
5.1.1 Cost and efficiency
 
The composite-mapping procedures are cost effective. The programs
 
have been used on real-world projects for almost two years. As a
 
consequence realistic cost comparisons are available. They show the
 
GMAPS programs can complete planning studies, through use of composite
 
mapping procedures, more efficiently in terms of cost and time than
 
existing manual techniques. The ratios are quite large; in the order
 
of six to eight times.
 
However, the LANDSAT analysis methods, resulting in landuse
 
classifications, which were used in this project are still more
 
experimental. They do not appear to be quite as cost-effective. Much
 
more research into resolution/accuracy/cost relationships is needed
 
before the LANDSAT data can take its proper place in the suite of data
 
sources for comprehensive planning studies.
 
Table 11 
Summary Assessment of Existing Data Sources for Environmental Analysis in Northwester Colorado
 
(from CEI; 1975)
 
NATURAL ENVIRONMENT 
 CULTURAL ENVIRONMENT
 
ASSESSMENT 
 ASSESSMENT
 
AVAIL- ADAPT- COMPATI-
COvO%FNT AVAIL- ADAPI- COXPATI-ABILITY ABILITY BILITY QUALITY COXPONINT ABILITY ABILITY BILITY QUALITY 
A. GEOLOGIC SYSTEM 
 A. JURISDICTIONAL SYSTEM
 
1 Solls As.ocljtono Good 
 Fair Fair Poor 
 1. Pojitical Boundaries Good Good Good Good
2 S.cdimnnt Yield Good Fair Fair Fair 2. Land HNi gement . Good Good Good Good3. Bedrock Geology Difficult Fair Poor Poor 
 3. Census Tracts 6 Survey Data Good Fair Fair Good4. Oil and Gas Difficult Fair Poor Poor 
 4. School Districts Good Good Good Good
5. Oil Shale Difficult Poor Poor Poor 5. Land Ownur.hip (Fed. & State) Cood Good Good Go.d6. Coal Difficult Poor Poor Poor 6. lAnd Ownership (Private) Difficult Unknown Unknown Unknown7. Other Minerals Not Eval. 
 Unknown Unknown Unknown 
 7. Water lighth 
 Coil. Undwy Uncertain Uncertain Untertain
 
B. PHYSIOGRAPHIC SYSTEM 
 B. LAND USE SYSTEM 
I. Landforms 
 Good Good 
 Good Fair I, Existing Land Use Good 
 Fair Fair Fair
2. Slopts Difficult Good Good Fair 
 2. Land Use Plans 
 Not Avail, Unknown Unknown Unknown
3. Elevation 
 Good Good Good 
 Good 3, Historical Sites Not Avail. Unknown Unknown Unknown4. Natural Hazards Not Avail. Unknown 
Unknown Unknown 4. Archeological Sites 
 Not Avail. Unknown Unknown Unknown
 
5. Special Recreation Areas DifficultC BIOLOGIC SYSTFM Unknown Unknown Unknown 
I. Native Vegetation Difficult Poor Fair Poor C. ECONOIC/DIMOGRAPIIIG SYSTEM2. Vegctalion Sensitivy 
 Not Avail. Unknown Unknown Unknown 1. Road Network Good Good Good Good
3. Mildlife Habitats & Density Good Good Good Good 2. Railroad System Good Good
4. Terrestrial Ecosystems Good Good
Not Avail. Unknown Unknown Unknown 3. Pipelines Good 
 Good Good Good
5. Aquatic Ecosystems Not Avail. Unknown 
Unknown Unknown 4, Tronqomlnsion Lines Good Good Good Good
6. Unique Natural Areas Not Avail. Unknown 
Unknown Unknown 5. Census Data 
 Good Good Good 
 Good
 
6. Accessibility to Transportation Fair Fair Good Good
U. IIYUROLUGIC SYSTEM 
I Drainage Network 
 Good Fair Good Good D. ENERGY SYSTEM
2. Water Quality Good Fair Fair Fair 
 1. Existlng/Proposed Extraction Good Good 
 Good Good
3. Stream flow Good Fair Poor 
 Fair Facilitles
o 4. Groundwater Difficult Poor Poor Poor 
 2. Existing/Proposed Conversion 
 Good Good Good Good
 
lacilities
Z. CLIMATOLOGIC SYSTEM 
 3. Existing TransporL/Tranamission Good Good Good 
 Good
 
I. Precipitation Good 
 Fair Fair Good Facilities
 
2 Potential Evaporation Good Fair Poor 
 Poor 4. Proposed Transport/Tranamisslon Fair Good Good Good
3. Snow Depth Good 
 Fair Fair Good Facilities
 
Jo I . - - ­
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5.1.2 Administrative needs
 
Three major needs are apparent--commitment, financial support and
 
coordination. Once these techniques are accepted by state agencies,
 
the required commitment and financial support will be evaluated and the
 
required steps undertaken. The State Cartographer's office represents
 
a good focal point for the coordination required between the various
 
agencies.
 
5.2 Recommendations for Interstate Collaboration
 
While the general need for interstate data exchanges and therefore
 
data compatability, is accepted by state agencies; such needs have
 
yet to be converted to concrete actions. No short-term solutions are
 
currently apparent. Further discussion of interstate exchanges, at the
 
state level, appear premature.
 
On the other hand, some federal agencies are deeply concerned with
 
this problem. Such agencies include the U.S. Fish and Wildlife
 
Service (Western Energy and Land Use Team) headquartered in Fort
 
Collins, Colorado; several Department of Interior and Department
 
of Agriculture agencies (U.S.G.S, U.S.B.M. U.S.B.R., BLM, USFS,
 
Soil Conservation Service); and the National Laboratories, especially
 
Los Alamos Scientific Laboratory, who have regional energy assessment
 
programs for ERDA.
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6.0 RELATED PROJECT ACTIVITIES
 
6.1 Papers from Project
 
To date no paper or report has been generated (other than this one)
 
as a result of this project. Colorado State University personnel
 
are planning to present a paper at the Fourth Purdue Symposium on
 
Machine Processing of Remotely Sensed Data. This paper will
 
discuss multidate - multispectral Data analysis and the advantages
 
over single data. This symposium is being held on June 21-23,
 
1977 at Purdue.
 
Eventually a master's thesis will be generated as a result of this
 
project and follow-on research aimed at a more in-depth evaluation
 
of the results. The fellow-on research aimed at a more in-depth

evaluation of the results. The follow-on research will be directed
 
at an increased understanding of signatures, training data and the
 
resultant classification reults.
 
6.2 Related Projects
 
Colorado State University has numerous remote sensing projects, in­
cluding several related to land use and vegetation mapping. Only
 
one other project involves multidata processing. This is a project
 
with the Center for Disease Control for detecting and mapping
 
mosquito breeding habitats along the Louis and Clark Lake, between
 
Nebraska and South Dakota. Because of the temporal nature of
 
mosquito breeding habitat (changing water levels and vegetation
 
conditions are important) a multidata analysis was considered
 
necessary. The Landsat Mapping System, developed on this project,
 
was used to accomplish this. A paper has been submitted to the
 
Eleventh International Symposium on Remote Sening of Environment,
 
April 22-29, 1977, Ann Arbor, Michigan.
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7.0 ACCOUNTING STATEMENT
 
7.1 Costs
 
The work on this project was carried out mainly-by personnel
 
at the Colorado State University, Environment Consultants,
 
Inc. and the Colorado School of Mines with some guidance from
 
Colorado Energy Research Institute. Unfortunately, the costs
 
of the project exceeded the monies ($10,500) available through

the Federation. The costs at each organization were:
 
CSU
 
Salares $5,175 
Materials and Supplies 137 
Travel 656 
Other 20 
Subtotal $5,988 
ECI
 
Salaries $3,162
 
Technical Support ._
 
(keypunching, etc.) 1,200
 
Travel 250
 
Materials and Supplies 500
 
Subtotal $5,112
 
CSM
 
Dr. Keith Turner made no charge for the considerable
 
time he contributed to this aspect of the project.
 
Travel $ 434.00 
Subtotal $ 434.00 
CERI
 
No staff time was charged to the project although approx­
imately 3 person weeks were devoted to it.
 
Reproduction expenses (estimated) $ 150.00 
Subtotal $ 150.00 
TOTAL $11,684.00
 
7.2 Staff Time Distribution
 
This is a composite of reported time spent by all personnel
 
on the project.
 
Data Collection
 
Training site selection field work 

Training data analysis 

Verification field work 

Verification Analysis 

Other data collection 

Meeting attendance 

Report preparation 

*This only reflects time charged to the project.
 
41.
 
$1,200
 
2,200
 
1,000
 
1,000
 
1,120
 
$6,520
 
460
 
2,180
 
$9,160**
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Appendix 8.1--Verification Material
 
(Single Cell and Aggregated)
 
LEVE.L OF CLASSIFICAT-ION I (SINGLE CELL) 
SYMHOL TABLE 
NAME SYMBOL NO. OF CASES 
------------------------------------------------------------------
RANSFLANO 760. 
FOREST < 505. 
AGRICULTURE + O. 
URBAN s 3. 
RARELAND 0. 
WATER 0. 
TOTAL 1268. 
VLRIFICATION TABLE 
-----------------------------------------------------------------------------------------------------------------------
SYMBOL < * $ - = TYPE I 
698 50 3 4 3 ? ql.8q 
62 437 1 3 0 2 86.S% 
* 0 0 0 0 0 n 0.0% 
1 ' 0 0 0 0 0.0% 
- 0 0 0 0 0 0 0.0% 
- 0 0 0 0 0 0 0.0% 
TYPE ? 91.7 89.4 0.0 0.0 0.0 0.0 
PFRCENT CORRECT = 89.5% 
PROGRAM VERIFY 
LEVEL OF CLASSIFICATION ? (SINGLE CELL) 
SYMBOL TABLE 
NAME SYMBOL NO. OF CASES 
SHRUBLAND 1 402. 
GRASSLAND (NON-IRR) 2 306. 
GRASSLAND (IRP) 9 48. 
CONIFEROUS FOREST 3 373. 
DFCIDUOUJS FORFST 4 131. 
CROPLAND (NON-IRR) I 2. 
RESIDENTIAL 6 6, 
BARELANDS 7 0. 
WATER 8 0. 
TOTAL 1268. 
VERIFICATION TABLE 
SYMBOL I ? 9 3 4 5 6 7 8 TYPE 1 
1 333 32 10 13 8 D 3 3 0 82.8% 
?P1 254 3 ?3 3 0 0 0 2 83.0 
P 5 6 3? 0 1 3 1 0 0 66.79 
3 P5 ?S 1 311 7 n 2 0 ? 83.4% 
4 
5 
0 
0 
ii 
0 
0 
0 
9 
0 
109 
0 
1 
? 
1 
0 
0 
0 
0 83.2q,
0 *0 .0 
6 1 0 0 ? 2 0 1 0 0 16.7% 
7 0 0 0 0 0 0 0 0 A 0.0% 
A 0 0 0 0 0 0 0 0 0 0.0% 
TYPE 2 86.5 77.4 69.6 86.q 83.S 33,3 12.5 0.0 0.0 
PERCENT CORRECT = 82,2% 
PPOGPAM.,IERIFY
 
LFVFL OF CLASSIFICATION 3 (SINGLE CELL)
 
SYMBOL TAHIF 
NAME SYMBOL NO. OF CASES 
PARRITPUSH R 114. 
MIX GPASS-PARRITISH G 197. 
DENSE MIXED SHPUb N 82. 
MT MAHOGANY H 12. 
MONTANE MEADOW M 297. 
DRY PASTURE D 9. 
WET PASTURE 
WHITE/DOUGLAS FIR 
L 
F 
50. 
94. 
PINYON-JUNIPER 1 170. 
PONDEROSA PINE P 102. 
PEVEGFTATING LOGGED X 0. 
SPRUCE S 0. 
ASPENE A 87. 
COTTONWOOD C 50. 
BARLEY B 0. 
SMALL TOWN V 3. 
SODIC SOIL/OFTEN WET 
WATER 
0 
W 
0. 
0. 
TOTAL 1267. 
VERIFICATION TABLE 
SYMBOL R G N H M D L F J P X S A C B V 0 W TYPE I 
P 
C, 
N 
H 
M 
0 
L 
F 
d 
P 
X 
S 
A 
C 
8 
V 
0 
w 
--
9? 
3 
n 
0 
1 
1 
0 
9 
0 
0 
0 
n 
0 
0 
0 
0 
f 
p 
166 
8 
0 
1 
8 
4 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
8 
44 
0 
11 
0 
0 
0 
11 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
p
0 
5 
A 
n 
n 
1 
0 
0 
0 
0 
0 
n 
00 
0 
0 
0 
8 
11 
1? 
1 
?94 
n 
6 
9 
C 
7 
0 
0 
In 
I 
n 
n 
0 
0 
n 
0 
0 
0 
0 
n 
0 
0 
0 
0 
0 
0 
n 
0 
0 
n 
5 
0 
5 
0 
3 
0 
34 
0 
1 
0 
0 
n 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
44 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
6 
4 
11 
0 
0 
0 
1?9 
21 
0 
0 
0 
0 
0 
2 
0 
0 
0 
1 
0 
1 
10 
0 
0 
26 
4 
70 
0 
0 
7 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
8 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
3 
n 
1 
6 
0 
0 
0 
0 
67 
7 
0 
0 
0 
0 
0 
0 
5 
1 
0 
0 
0 
0 
0 
1 
0 
0 
3 
38 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
1 
0 
1 
1 
0 
0 
0 
1 
0 
0 
0 
0 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 80.7% 
0 84.3% 
0 53.7% 
0 41.7% 
2 85.5% 
0 0.0% 
0 68.0% 
0 46.8% 
2 75.9% 
0 6b.6% 
0 0.0% 
0 0.0% 
0 77.0% 
0 76.0% 
0 0.0% 
0 0.0" 
0 0.0% 
0 0.0% 
TYPE 2 8A.0 86.0 97.1 6?.5 77.4 n.0 70.8 9r.7 7P.9 57.9 0.0 0.0 77.9 79.2 0.0 0.0 0.0 0.0
 
ROrRAM VERIFY 
LEVEL OF CLASSIFICATION I (AG6RE TED CELLS)
 
THE FOLLOWING TABLE SHOWS THOSE PLOYS FOR WHICH THE CORRECTNESS COULD NOT UC OETERMINED ACCURATELY
 
rROiNO TRUTH TIE 180 1 3A 3. 3 0 0 0 C 0 0
 
CLASSIFICATION TIE 195 1 < 3. 3 3 0 0 n 0 0 0
 
CLASSIFICATION TIE 197 1 < 4. 4 1 a 0 0 C 0 0 
SYMbOL TABLE
 
NARE SVMBOL NO. OF CASES 
RANGFLANn A6. 
FOREST 6. 
ACRICULTURA + 0. 
UR3A 0. 
BARELAND 0.
 
WATER D.
 
TOTAL 142.
 
VERIFICATION TARLF
 
RSYHMCL TYPE I 
* 7 c; 7 0 0 091.914 
rTYPF P' '?.9 87.7 (3.0 0.0 0.0 n.0 
PPCENT CORRECT - 9o.R9 
---- ------------------------------------------------ -------------------------------------------------------------
PROGRAM VERIFY
 
LEVEL OF CLASSIFICATION 2 (AGGREGATED CELLS)
 
THE FOLLOWING TABLE SHOWS THOSE PLOTS FOR WHICH THE CORRECTNESS COULD NOT BE DETERMINE ACCURATFLY
 
GROUND TRUTH TIE 81 2 3 4? 41 1 -n -0 0 0 n 0
 
GROUND TRUTH TIE 83 ? 3 42 41 1 -0 t0 n 0 0 0
 
CLASSIFICATION TIE 84 ? ? 43 41 1 O fn n 0 A 0 
GROUND TRUTH TIE 84 ; 2 43 41 1 -0 0 0 0 0 0
 
GROUND TRUTH TIE 13? ? 3 34 3? ?9-1 0 0 0 0 0
 
GROUND TRIJTH TIE 137 2 4 33 32 3 .. O0 0 0 0 0
 
CLASSIFICATION TIE 159 ? 6 39 31 3 0 0 0 0 0 0
 
GROUND TRIITH TIF 180 2 33 31 3 0",0 0 0 0 0
 
GROUND TRUITH TIE 190 2 2 31 33 3 0- 0 0 0 0 0
 
CLASSIFICATION TIF 195 2 4 32 3 3 -0 0 0 0 0 0
 
GROUND TRUTH TIE 197 2 3 32 31 ? I ' 0 0 0 0 0
 
CLASSIFICATION TIE 214 P 2 44 43 1 0 0 0 0 0 0
GROUND TRUTH TIE 214 ? 2 44 43 1 0 0 0 0 0 0 
CLASSIFICATION TIE 2? P" 4 43 4? 1 0 0 0 0 0 0 
GROUND TRUTH TIE 25? 2 P 31 33 1 0 A 0 0 0 0 
SYMBOL TABLE
 
NAME SYMbOL NO. OF CASES
 
-----. .---- - -----------------------.. . . ---- ---- .
-.. --.---.------

SHPIJBLAND 1 4?.
 
GRASSLAND (NON-IRR) 2 36.
 
GRASSLAND (IRR) 9 5.
 
CONIFEROUS FOREST 3 44. 
DECIDUOUS FOREST 4 15. 
CROPLAND (NON-IRR) 5 0. 
RESIDENTIAL 6 0. 
RAPELANDS 7 0. 
WATER 8 0.
 
TOTAL 142.
 
VERIFICATION TABLE
 
SYMBOL 1 p 9 3 4 5 6 7 & TYPE 1 
1 35 4 1 0 1 A 1 0 0 83.3T 
? 3 30 0 3 0 n 0 0 O 83.3
 
9 n I I 0 0 I n 0 60.0.
 
3 3 ? 0 38 1 0 0 0 086.4%
 
4 0 0 0 0 1S 0 0 0 0 *0.09A 0 0n 0 0 0 0 0 0 0.0 
h 0 0 0 A 0 0 0 0 0 0.0 
7 0 0 0 0 A 0 0 0 0 0.0% 
8 0 0 0 0 n 0 A 0 A 0.0 
TYPF P qR.4 81.1 75.0 9P.7 BR.? 0.0 0.0 0o.0 0.0 
PEPCENT CORRECT = 85.2"
 
------------------------------------------------------------------------------------------ 
----------------------
PRObRAM VERIFY
 
LEVEL OF CLASSIFICATION 3 (AGGREGATED CELLS)
 
TH- FOLI OWING TAFI E SHOWS THOSE PLOTS, FOR WHICH THE CORRECTNESS COULD NOT BE DETERMINED ACCURATELY 
CPOIINO TPIITH I IF 77 3 F 4P 4M 1 0 n 0 0 0 0 
GPOUNO TRUITH TIF 81 3 J 4M 4(- 1 0 0 0 0 0 0 
CLASSIFICATION TIF A4 3 F 4J 40 1 0 0 0 0 0 0 
CROLIN0 TPITH TIF PA 'A M 4J 4G 1 0 0 0 0 0 0 
GO1NO TRIJTH TTF 132 3 P IC 3M ?L 1 0 00 -0 
GPOIJNf iPTH TIF 137 3 C IF 3M 3 0 0 0 0 n 0 
;ROIJND TwIITH TIF ISI 3 G 3V 3R ?J 1 0 0 0 0 0 
,

CLASSIFICATION TIE q "; V 3L 36 3 0 0 0 0 0 0 
GPOINO TPITH TIE 1sq i P 31 3G 1 0 0 0 0 0 0 
GROU1ND TItITH TIF lAo 1 3J 36 ?N 1 0 0 0 0 0 
CLASSIFICATION TIE 189 3 j 4P 4H 1 0 0 0 0 0 0 
GP6tND TCIITH TIE q0 3 M 3H 3J 3 0 0 0 0 0 0 
CLASSIFICATION TIE 105 3 A 3M 3 3 0 0 0 0 0 0 
GROUND TRIITH TIE IQ7 3 J 3M 36 P 1 0 0 0 0 0 
GROUND TPIITH TIE 201 3 6 3P 3J? N 1 0 n 0 0 0 
3ROIIND TPIITH TIE '1, 3 m 4A IF 1 0 0 0 0 0 0 
GROIIND TPITH TIE 248 3 M 3G 3N ?F1 0 00 0 o 
GOIIND TRIITH TTE Pr? 3 M "H 1F 3 0 0 0 0 0 0 
CLASSIFICATION TIF 2'3 3 j 4M 4P 1 0 0 0 0 0 0 
SYMBOL TAFR E 
NAME SYMBOL NO. OF CASES
 
RABOITBPUSH R 12.
 
MIX GPASS-RABSIT B RSH 6 23.
 
DENSE MIXED SHRUB N 4.
 
MT PAHOGANY H 0. 
MONTANE MFAOOW M 39.
 
DRY PASTURE 0 1.
 
WET PASTURE L S.
 
WHITE/OLIGLAS FIR F 10. 
PINYON-JNIPER d 21. 
PONDEROSA PINF P 11.
 
REVFGETATING LOGGED X 0.
 
SPRUCE S 0.
 
ASPFNE A 10.
 
COTTONWOOD C 6.
 
BARLEY 8 0. 
SMALL TOWN V .
 
SODIC SOIL/OFTEN WET 0 0.
 
WATFP W 0.
 
TOTAL 142.
 
VERIFICATION TABLE
 
qyt*k% P r N H M D L F J P X S A C B V 0 W TYPE I 
P 
U, 
N 
N 
9 
I 
0 
0 
P' 
0 
1q 
1 
0 
I 
0 
1 
2 
0 
2 
A' 
0 
n 
0 
0 
I 
1 
0 
0 
3? 
n 
n 
0 
II 
1 
0 
0 
0 
0 
0 
n 
0 
n 
0 
1 
0 
0 
2 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 75.o% 
0 82.6% 
0 50.0% 
0 0.0% 
0 82.1% 
I) 
" 
0 
0_0 
0 
1 
0 
n 
0 
0 
p 
n 
0 
0 
1 
0 
nl 
0 
Cl 
0 
3 
0 
0 
0 
3 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
A 0.0% 
0 60.0% 
0 30.0% 
P 
I1 
0 
0 
0 
2 
A 
0 
0 
? n 
0 
0 
0 
n 
1 
16 
3 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
a 76.2% 
0 54.5% 
X 0 0 0 0 0 nl 0 0 0 0 0 0 0 0 0 0 00.0% 
0 0 0 0 0 cl 0 0 0 0 0 0 0 0 0 0 0 0 0.01A 
A 
C 
8 
V 
0 
1 
0 
0 
0 
0 
0 
0 
0 
n 
0 
0 
0 
0 
0 
a 
0 
0 
0 
0 
n 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10 
1 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0*0.0% 
0 83.3% 
0 0.0% 
0 0.0% 
D 0 n1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0% 
0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0% 
TYPF 2 RI.8 86.4 ?P.6 0.0 R.2 0.0 75.0 75.0 72.7 46.2 0.0 0.0 83.3 83.3 0.0 0.0 0.0 0.0 
PERCEPT CORRECT = 73.9q' 
Appendix 8.2--Valuation Parameters
 
(Including Soil Symbol Description)
 
SOIL LEGEND
 
CONEJOS COUNTY, COLO.
 
SOURCE: LA JARA TECH. GUIDE: MARCH, 1973
 
SYMBOL NAME 

A3-B Shawa loam, 0-3% slopes 

A6-A La Jara loam, 0-1% slopes 

BI-B Travelers gravelly loam, 1-3% 

slopes
 
BI-CE Travelers gravelly loam, 3-25% 

slopes
 
B3-BD Cerro loam, 1-9% slopes 

12A-CD Miracle loam, 3-9% slopes 

12-F Seitz very stony loam, 10-65% 

slopes 

13A-E Bush valley very stony loam, 

10-40% slopes
 
J7-A Graypoint gravelly sandy loam, 

0-1% slopes 

J7-B Graypoint gravelly sandy loam, 

1-3% slopes 

J7F-A Derrick cobbly sandy loam, 

0-1% slopes 

J7F-B Derrick cobbly sandy loam, 

1-3% slopes 

L4-B Luhon loam, 1-3% slopes 

L4-C Luhon loam, 3-6% slopes 

L5-CE Garita cobbly loam, 3-25% 

slopes
 
L7A-B Stunner loam, 0-3% slopes 

RANGE SITE
 
Foothill Loam
 
Salt Meadow
 
Limy Bench
 
Basalt Hills
 
Foothill Loam
 
Rocky Foothills
 
Spruce Fir
 
Woodland
 
Shallow Loam
 
Mountain
 
Outwash
 
Mountain
 
Outwash
 
Mountain
 
Outwash
 
Mountain
 
Outwash
 
Limy Bench
 
Limy Bench
 
Limy Bench
 
Valley Bench
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SOIL LEGEND
 
CONEJOS COUNTY, COLO.
 
SOURCE: Lk JARA TECH. GUIDE: MARCH, 1973
 
SYMBOL 	 NAME 

RI-B 	 Unnamed gravelly sandy loam, 

0-3% slopes 

SO-A Unnamed loam, 0-1% slopes 

S2-A Stukey loam, occasionally 

flooded, 0-1% slopes
 
S3-A Shawa loam, 0-1% slopes 

S3-B Shawa loam, 1-3% slopes 

T9-B Monte loam, 1-3% slopes 

XA6-A 	 Quamon-La Jara complex, 

0-1% slopes
 
Z4-A 	 Vastine loam, 0-1% slopes 

X14-E 	 Empedrado-curecanti complex 

5-25% slopes 

103* 	 Fluvents (80%) and Minor 

Soils (20%)
 
49* 	 Seitz (65%), Rocky Outcrop 

(20%) and Minor Soils (15%) 

116* 	 Jodero (60%), Empedrado (30%) 

and Minor Soils (10%) 

120* 	 Bushvalley (70%), Empedrado 

(35%) and Minor Soils (20%) 

51* 	 Bushvalley (65%), Rock Outcrop 

(10%) and Minor Soils (25%) 

RANGE SITE
 
Mountain
 
Outwash
 
Salt Flats
 
Wet Meadow
 
Foothill, Loam
 
Foothill 	Loam
 
Mountain
 
Outwash
 
Wet Meadow
 
Wet Meadow
 
Rocky
 
Foothills
 
Alluvial Soils
 
Steep Mountain
 
Slopes on Bed­
rock
 
Terraces and
 
Alluvial Tons
 
Steep Mountain
 
Slopes on Bed­
rock
 
Subalpine
 
Mountain
 
Slopes
 
SOIL LEGEND
 
CONEJOS COUNTY, COLO.
 
SOURCE: LA JARA TECH. GUIDE: MARCH, 1973
 
SYHBOL NAME RANGE SITE 
113* Comodore (35%), Celeste (35%) 
and Rock Outcrop (30%) 
Very SteeD 
Mountain 
Slopes . 
50* Bushvalley (60%), Seitz (30%) 
and Rock OutcroD (10%) 
Steep Mountain' 
Slopes on 
Bedrock 
*Note: These symbols are in the Rio Grande National
 
Forest and are taken from the San Luis Valley
 
Central Soil Survey.
 
FRMS REMOTE SENSING RESOURCES STUDY
 
FOX CREEK QUADRANGLE, COLORADO
 
SOURCE MAP VALUATION DETAILS
 
SOILS
BASELINE MAP NAME 

CODE MAP UNITS 
C B3-BD 
B 12A-CD 
V B1-CE, L5-CE 
D A6-A, SO-A 
P RI-B, J7F-B, J7-B 
F T9-B 
R A3-B, S3-B 
N S2-A, XA6-A, Z4-A 
Y J7-A, J7F-A 
X X14-E 
H L4-B, L4-C 
L B1-B 
3 S3-A 
I 12-F 
A 13A-E 
G L7A-B 
M 103 

K 49 

S 116 
T 120 

W 51 

Q 113 
E 50 

Z No Data 

PURPOSE OF MAP VALUATIONS
 
Veg Constraints
 
2
 
4
 
5
 
4 
2 
1
 
1 
2
 
9
 
2
 
3
 
1 
6
 
8
 
1
 
5
 
6
 
7 
4 
9
 
7
 
5
 
0
 
MAP WEIGHT 2.0
 
OPERATOR +
 
FRMS REMOTE SENSING RESOURCES STUDY
 
FOX CREEK QUADRANGLE, COLORADO
 
,SOURCE MAP VALUATION DETAILS
 
BASELINE MAP NAME LAND USE
 
PURPOSE OF MAP VALUATIONS 
CODE MAP UNITS Veg DifficultT 
D Rabbit Brush 2 
F Montane meadows 9 
A Mixed grass & rabbit brush 3 
B Pinyon-Juniper 9 
C Ponderosa 7 
j Aspen 4 
M Dense mixed shrub 5 
K Wet pasture 2 
E Mixed White & Douglas fir 6 
H Cottonwood 4 
I Mountain mahogany 8 
L Revegetating logged,areas 5 
G Spruce 6 
X Cobbly pavement I 
P Dry pasture I 
R Very small towns 0 
T Water 0 
Z Barley 1 
N Not classified, in threshold 0 
MAP WEIGHT 1.0
 
OPERATOR +
 
P-4 
FRMS REMOTE SENSING RESOURCES STUDY r
 
FOX CREEK QUADRANGLE, COLORADO
 
SOURCE MAP VALUATION DETAILS
 
BASELINE MAP NAME SLOPE
 
PURPOSE OF MAP VALUATIONS
 
CODE MAP UNITS Veg Constrain s
 
C 0-5% 1 
2T 6-15% 

V 16-29% 4
 
S 30-59% 6
 
X > 60% 9
 
Z No Data 0
 
MAP WEIGHT 1.0 
OPERATOR + 
FRMS REMOTE SENSING RESOURCES STUDY
 
FOX CREEK QUADRANGLE, COLORADO
 
SOURCE MAP VALUATION DETAILS
 
BASELINE MAP NAME ELEVATIONS
 
CODE 

H /8200 

E 8200-8300 

j 8300-8400 

L 8400-8500 

R 8500-8600 

T 8600-8700 

V 8700-8800 

K 8800-8900 

N 8900-9000 

U 9000-9100 

C 9100-9200 

X 9200-9300 

p 9300-9400 

A 9400-9500 

0 9500-9600 

S 9600-9700 

G 9700-9800 

9800
W 

MAP UNITS 

PURPOSE OF MAP VALUATIONS
 
P-E Index Veg Constrain
 
1 4­
1 4
 
2 4
 
2 5
 
3 5
 
3 5
 
4 6
 
4 6
 
5 6
 
5 7
 
6 7­
6 7
 
7 8
 
7 8
 
8 8
 
8 9
 
9 9
 
9 9
 
MAP WEIGHT 2.0 2.0 
OPERATOR + + 
FRMS REMOTE SENSING RESOURCES STUDY
 
FOX CREEK QUADRANGLE, COLORADO
 
SOURCE MAP VALUATION DETAILS
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Evaluation of Landsat as a Source of Land Use Information for Colorado
 
State Government
 
Robert Burns, Colorado Division of Planning 	 October 26, 1976
 
Several State agencies, quasi public organizations and educational
 
institutions have participated in or followed the results of the Federation-

Landsat Remote Sensing Resources Project. This report is an attempt by
 
the Colorado Division of Planning to summarize the State's views of Landsat
 
as a source of land use information for State planning and management. The
 
evaluation is based on the physical capability of Landsat to provide desired
 
information and on its cost-effectiveness to the State, compared with
 
alternative sources of the desired land use information.
 
Applications of Landsat in Colorado to date have included:
 
1. 	Forest cover type mapping in mountain areas;
 
2. 	Range vegetation type mapping on the plains;
 
3. 	Range vegetation condition;
 
4. 	Detection of weed infestation on agricultural land and rangeland;
 
5. 	Detection of fault systems for mineral exploration and other geological
 
studies; and
 
6. 	Land use classification and mapping experiments.
 
The first five of these applications appear to be cost-effective to
 
the State, (considering only cost to the State and disregarding the total
 
costs of the Landsat program), especially where periodic monitoring of
 
current changes is required, as in evaluation of vegetation condition and
 
weed infestations, Landsat computer compatible tapes (CCT's) seem to be
 
the most efficient source of information, for rangeland and agricultural
 
land on the plains and in the larger mountain valleys. Classification
 
of cover types in mountain areas also proved effective, but there is
 
little need for this information at intervals less than about 10 years.
 
Aerial photo methods have also proven satisfactory for such inventories,
 
especially in view of the more detailed information that has traditionally
 
been collected in forest inventories. Thus, the use of Landsat CCT's
 
to obtain current information about extensive land uses appears to be
 
cost-effective to the State. It may also be cost-effective for obtaining
 
base information at longer intervals.
 
For certain types of information, however, Landsat seems totally
 
unsuitable or less cost-effective than alternative survey methods.
 
Information about urban land use has not been reliably obtained from
 
Landsat with the desired categories and detail. Nor does Landsat appear
 
promising for monitoring land use changes or such activities as current
 
Landsat
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mining or logging operations, or for evaluating the rehabilitation of
 
mined lands. These activities are subject to current plans and records
 
maintained by various levels of government which can provide the informa­
tion as needed through regular reporting for the relatively smali areas
 
involved. This is especially preferable for evaluating subdivision
 
development, where, until construction is begun, there is no evidence
 
of the planned change in land use which would be visible through remote
 
sensing.
 
In summary, Landsat information appears to be useful for certain
 
State management and planning functions, and is probably cost-effective
 
when only the State's marginal costs are considered. Thus, as long as
 
Landsat images and tapes are available at their present cost, State
 
agencies and institutions will probably continue to experiment with and
 
use these information sources. For many State planning purposes, however.
 
Landsat capabilities appear inherently inadequate or less effective than
 
existing alternative information sources. Where direct reporting can
 
provide more timely or accurate information, this will probably be the
 
preferred source. This appears likely for monitoring mining and mined
 
land reclamation, as well as for subdivision regulation. For land use
 
mapping, high altitude aerial photographs supplemented by large scale
 
photos and local knowledge appear preferable to Landsat. For crop
 
and vegetation conditions and crop inventories, Landsat may be useful,
 
especially because of the sensitivity its infrared band to vegetation
 
moisture content.
 
Evaluation of the Use of CMS II for Planning in Colorado
 
Robert Burns, Colorado Division of Planning
 
Computer mapping systems have shown promise in several aspects of
 
planning. At present, the Colorado Department of Agriculture is 
experimenting with the use of 0MS II for identification of agricultural 
lands of special interest, and a modification of CMS II is currently 
in use by the Colorado Division of Wildlife. At present, however,
 
the State has not had enough experience with CMS II to offer a conclusive
 
evaluation of this system. Mechanically, the system appears at least as
 
promising as any other cellular mapping system, and may be more cost­
effective. However, as 
census data, land use, and other information is
 
collected on the basis of polygonal areas, a computerized polygonal
 
mapping system may be the preferred alternative by the time the need for
 
more general use of computer mapping is apparent. At present, the practice
 
seems to be to by-pass computer mapping in favor of reference to counties
 
or census 
tract maps for most State planning, and to use aerial photographs
 
and implicit overlaying techniques for local analysis. However, the
 
experience of other states would seem to indicate the usefulness of
 
more extensive use of computer mapping, and CMS II appears to-be among
 
the more promising options presently available.
 
TO: Remote Sensing File #101-13
 
FROM: Rebecca Vories r
 
SUBJECT: Telephone Conversation with Phil Sim
 
DATE: October 22, 1976-

This afternoon I spoke with Phil Sim of the Department

of Range Ecology at Colorado State University, to get his
 
comments on the Remote Sensing Report.
 
Although Phil feels there should be continued efforts to
 
use LANDSAT information, he felt that it would be difficult-.
 
for this type of information to provide the depth of
 
information required for revegetation purposes. He indicated
 
that LANDSAT only reflects dominate species, but in order
 
to revegetate an area properly, an understanding is necessary
 
of the species mixture in an area. Two other elements that
 
are very important in revegetation are: soil depth as well
 
as soil quality, neither of which can be provided by LANDSAT
 
imagery; and the availability of seed and appropriate seeding
 
techniques for the particular area being revegetated.
 
Essentially although LANDSAT information miqht be able to
 
tell in a gross way what areas would be most affected by
 
disturbance, to 3udge the areas which can be most easily
 
rehabilitated takes knowledgeable experience and ground
 
truthing. Aerial photography still seems to provide more
 
potential for revegetation use than LANDSAT information would.
 
Dr. Sims also recommends that if any future projects are
 
to be undertaken of this nature that biologists and
 
ecologists should be included in the consulting effort,
 
so that the program is designed to provide useful infor­
mation to them.
 
Dr. Sims did emphasize that although he feels that there
 
are a number of useful purposes for LANDSAT imagery-­
especially diseased plants, weed control, critical agri­
cultural land identification--he does not feel that the
 
present techniques we have for making use of LANDSAT data
 
will be useful in the process of revegetation for the
 
present.
 
APPENDIX E
 
Montana State Report
 
NASA - FRMS LANDSAT STUDY 
November 1976
 
CHAPTER ONE
 
INTRODUCTION
 
This study was conducted to test the application and feasibility of a
 
land use and resource survey process utilizing LANDSAT remote sensing imagery
 
an a regional modified land use classification system. Itwas made possible
 
by a contract between the Federation of Rocky Mountain States, Inc., (FRMS)
 
and the National Aeronautics and Space Agency (NASA). The contract involves
 
the six Rocky Mountain states of Colorado, Montana, New Mexico, Utah, Wyoming,
 
and Arizona. Each state appointed a State Lead Agency through which to
 
participate.
 
The State of Montana is acting through-the Energy Planning Division of
 
its Department of Natural Resources and Conservation (DNRC), and entered into
 
a grant agreement to that effect with the FRMS on May 26, 1975. As State
 
Lead Agency, the DNR&C is responsible for designating test sites, furnishing
 
data, and coordinating technical work on the project within the state. In
 
order to perform these functions, the state has been granted $10,500 by NASA,
 
to be issued in six quarterly allocations over an 18-month period.
 
1.0. The Project Areas
 
This'project undertakes to study the feasibility of an operable system of
 
utilizing LANDSAT remote sensing in combination with other forms of data for
 
an efficient inventory and analysis of a designated study area. For this study's
 
purposes, four study quadrangles were selected, as discussed below.
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1.1. Study Sites
 
One area of state responsibility in this project is to designate test
 
sites. The manner stipulated in the Grant Agreement is to map out selected
 
categories of land use and resources in four seven and one-half minute USGS
 
map quadrangles in the state. The four quadrangles used in the State of
 
Montana are: Beaver Creek School, Colstrip SE, Decker, and Poker Jim Butte.
 
Figure 1 shows the location of these four quadrangles. Figure 2 shows each
 
quadrangle divided into cellular grids. There are 159 units on its x axis
 
and 182 units on the Y axis.
 
In the past, the major land uses in Montana east of the Continental
 
Divide have been ranching and farming, with timber harvesting sometimes play­
ing a locally significant role. The landscape is defined by rangeland,
 
upland forests, cultivated land, riparian plant communities, badlands, water,
 
and sometimes geomorphology. Recently, energy development (both mining and
 
energy conversion) has been added to the land uses. Energy development has
 
caused rapid changes in some areas, and more energy-related alterations seem
 
assured in the future.
 
The areas selected for study reflect the spectrum of land use and physiog­
nomy mentioned above. The Decker and Colstrip SE quadrangles are areas in
 
states of flux due to energy development (see Figure 3 a 1970 airphoto of the
 
north portion of the Colstrip SE quadrangle where mining is in progress). The
 
main reason for selecting these quadrangles for study in the project is the
 
relative intensiveness of coal development now underway in these areas.
 
Land use planning is therefore essential, and there is an added avantage of
 
having important information regarding these areas already available.
 
Figures 4 and 5 are photographs which are representative of the area's
 
landscape.
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Figure 2 Cellular Matrix for Each Quadrangle
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North portion of Colstrip SE quadrange showing a strip-mined area, Ponderosa Piie forest,
 
grassland, and cultivated land.
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FIGURE 4

Ponderosa pine type of the Custer National Forest, taken
 
from Poker Jim Lookout.
 
FIGURE 5
Area landscape: foreground 
- sagebrush
 
middle-ground 
- riparian
 
background 
- pine
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O1.2. Study Issues and Objectives
 
As described inthe introduction to this report, the main objective of
 
this study isto test the usefulness of data collection by the LANDSAT for
 
purposes of land use planning. The work plan specified in the Grant Agree­
ment was used. Itis contained in a January, 1975, report entitled, A
 
Continuous Regional Land Use Survey System Utilizing A Modified USGS Classi­
fication Based on Remote Sensing and Other Data. A closely related objective
 
is to test the composite mapping system/Montana ERGIS (Environmental Resources
 
Geo-Information System) data bank process as an effective tool for land use
 
planning. (ERGIS will be discussed inSection 6.0.)
 
The most essential use of data compositing is in the identification of
 
certain complex land use categories needed for planning. These are basically
 
functional or activity classifications which must be composed from several
 
elementary forms of imagery or other data.
 
This study isdesigned to test the feasibility of using remote sensing
 
incombination with other forms of data for an efficient inventory and
 
analysis of all or any portions of a state. For example, the DNR&C used the
 
selection of mining sites as the demonstration model for this project. Four
 
inventory maps were used to prepare a composite map. These inventory maps
 
depicted environmental characteristics of: overburden thickness, water
 
problems, coal deposits, and land use/ land cover data generated by LANDSAT.
 
Itshould be emphasized that the sites identified and analyzed during
 
this project are not at this time applicable or comprehensive enough for
 
actual direction of strip mining activities. Site identification was done for
 
the purpose of testing the LANDSAT data approach and the composite mapping
 
system. Mining selection methodology is considerably more complicated than
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the sample work performed for this project, and would require a much higher
 
budget than was available.
 
1.3. Environmental Characteristics of Study Sites
 
A. Beaver Creek School Quadrangle
 
This test site is located approximately 20 miles north of Ashland. The
 
southern two-thirds iswithin the boundary of the Custer National Forest and
 
the northwestern one-third is in private ownership.
 
1. Natural Environment
 
Land use is a combination of agriculture, timber production, and recrea­
tional use. Agriculture is extensive inthe northwestern one-third of the
 
quadrangle, with cereal grains and hay being the dominant crops. There is an
 
abundance of perenially-flowing creeks in this area, permitting farming without
 
need for direct irrigation of the crops. Sub-irrigation resulting from the
 
local drainage isat present sufficinet for the crop water needs of this area.
 
This quadrangle was also found to be unique because of its diverse
 
topography. The terraces and bottoms which are utilized for agriculture or
 
rangeland meet abrupt steep slopes which tower above the landscape, This is
 
especially true along the north side of Beaver Creek Road along Sheep and
 
Straight Creek. Scoria porcelanite outcrops are quite common throughout the
 
site and present a very contrasting substrate compared to the terrace and
 
riparian communities. The majority of the quadrangle lies in the Custer
 
National Forest. This area and sections to the east of this quadrangle pro­
vide the bulk of the timber production for this district of the Custer National
 
Forest.
 
0 
9
 
2. Cultural Environment
 
Recreational potential inthis site is good for hiking and camping,
 
but camping and related facilities are lacking. Also, access islimited to
 
four-wheel-drive vehicles throughout the southern two-thirds of the test site.
 
All the roads in this site are dirt, and, therefore, seasonal.
 
B. Colstrip SE Quadrangle
 
1. Natural Environment
 
This area is dominantly used for coal mining activities, agriculture, and
 
cattle production.
 
Agriculture is extensive, especially along Rosebud Creek, with cereal
 
grains and alfalfa being the primary crops. Clover isalso cultivated as part
 
of the hay crop. 
This crop isused locally for cattle feed and provides high

.economic
return for the area.
 
Mining 
activity inthis quadrangle is very high and expands continuously,
 
Western Energy's mine extends into the test site from the north and Peabody
 
Coal's Big Sky mine occupies an area in the west-central portion of the site.
 
Various stages of the strip mining procedures are obvious at any given time
 
and therefore present diverse spectral signature that will undoubtedly be of
 
value to this study, but make verification very difficult, as mining activity
 
changes and expands rapidly.
 
Roads in this area are at present adequate, but may need improvement
 
as a 
result of the mining and electrical generating units at Colstrip. Heavy
 
trucks and equipment, plus increased automobile traffic have already made it
 
necessary to repave some sections of Highway 315, which bisects the test site
 
from the north and south.
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2. Cultural Environment
 
Increases in the human population have been enormous in this and adjacent
 
quadrangles in the past several years due to the need for workers at the
 
Colstrip electrical generation plants and coal mining operations, This area,
 
more than the others chosen, is in immediate need of a-comprehensive land
 
use and development plan that can satisfy the needs of each activity in the
 
quadrangle. A long-term comprehensive plan would have the effect of ensuring
 
a more equitable division of natural resources with.regard for the local
 
environment.
 
C. Decker Quadrangle
 
This quadrangle, which is the southern-most site of the four sites,
 
borders Wyoming on the south and extends north beyond the Tongue River Reser­
voir. Decker is the only town located in this site. It has a population of
 
approximatey 30 (1970 census). Land use for this site is divided into three
 
categories: agriculture, livestock production, and mining.
 
1. Natural Environment
 
Land use patterns in this area are primarily a funciton of vegetative
 
communities and topographic features. The major factors determining vegetative
 
community types, which has a direct relationship to land use patterns would
 
appear to be topographic relief and the inherent effect it displays on
 
moisture availablity and soil development.
 
The dominant land use in this quadrangle is rangeland. Floristically,
 
this rangeland contains a wide range of native species. The soils are loamy,
 
well drained and characteristically support a rather homogeneous plant
 
community. Bluebunch wheatgrass (Agrypyron spicatum), needleandthread (Stipa
 
comata), and green needlegrass (Si viridula) are the dcminant grass species
 
S of economic importance. The bluegrass (Poa sp.), bromes (Bromus sp.), and 
sedges (Carex sp.) are also found on this site and should also be considered 
both economically and ecologically important species. 
The following communities (named for dominants) are found in the quadrangle.,_ 
A sagebrush/grass community is dominant on the well drained loamy soils which 
generally shows a low sodium potential. This type may be observed from lower 
terraces to steep slopes. On areas of low topographic relief, which have 
been subjected to heavy grazing because of easy accessibility, a sagebrush 
community is rather distinct. The vigor and abundance of desirable species 
of livestock and wildlife forage has been greatly diminished by long term
 
grazing pressure. This lack of vigor in the desirable species allows for
 
successful invasion of undesirable species such as fringed sagewort (Artemesia
 
friaida), and broom snakeweed (Gutierrezia sarothrae). The sagebrush
 
community may be the end result of overuse by grazing cattle.
 
A Pine/juniper community should also be considered in a discussion of
 
rangeland for this quadrangle. Although not extensive, it does exhibit
 
potential for economic importance. This type community is seen in the Badger
 
Hills area of the quadrangle, including areas both west and north, and in the
 
area along the NE edge of the Tongue River Reservoir. Overstory canopy cover
 
rarely exceeds 30%, again only in the area NE of the Tongue River Reservoir.
 
Topographically, this type occurs primarily steep slopes and hill tops but
 
is also seen on the gentler slopes connecting the two. Ponderosa Pine
 
(Pinus ponderosa) and Rocky Mountain juniper (Juniperous scopulurum) are the
 
dominant tree species. Understory species vary with soil conditions and
 
grazing pressure. Bluebunch wheatgrass (Agropyron spicatum), red threeawn
 
(Aristida longiseta), and little bluestom (Andropogon scaparius) are dominant
 
grass.species where grazing pressure has been moderate. Heavily grazed sites
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are associated with thistles (Cirsium sp.), curly cup gum weed (Grindelia
 
squarrosa), and bromes (Bromus spp.). Skunkbrush sumac (Rhus trilobata) is
 
also found in this community.
 
2. Cultural Environment
 
Agricultural activities inthis quadrangle are limited. Dryland farming
 
is very limited due primarily to climate, soils, and available moisture. Some
 
agricultural production is found on the lower terraces, fans, and floodplains
 
on the Tongue River in the quadrangle. Small blocks of agriculturally pro­
ductive land isalso to be found along the westside of the Tongue River
 
Reservoir this block issub-irrigated by virtue of the recharge effect from
 
the Reservoir.
 
The major crop is alfalfa which is used locally and not sold as a cash
 
crop. Sweetyellow clover (Melilotus officinalis) and crested wheat grass
 
(Agropyron cristatum) have been introduced into the area for hay meadow
 
improvement. These areas are delineated on the accompanying mylar overlays.
 
Surface mining for coal represents a major land use inthis quadrangle.
 
The entire area is underlain by coal of the Fort Union formation. This coal
 
isclassified as sub-bituminous indicating a low heat value, but its relatively
 
low sulphur content make it econmically attractive. Intensive development is
 
going on at present to recover coal via strip mining techniques. Applications
 
were submitted inJuly 1975 to the Montana State Lands Department, requesting
 
permission to develop sites north of the existing mine and another area on
 
the East shore of the Tongue River Reservoir.
 
The Tongue River Reservoir represents a major feature on the landscape
 
and provides the area with both recreational sites and, most importantly,
 
water. The reservoir, which has a maximum area of 3,497 acres provides
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0opportunities for fishing, swimming, boating, skiing, hiking, and camping.
 
Management of this valuable resource is extremely critical due to the varied
 
use requirement placed on the Reservoir, and also because of its potential
 
for further development.
 
D. Poker Jim Butte Quadrangle
 
This quadrangle is located within the boundary of the Custer National
 
Forest. The dominant land uses are timber and livestock production.
 
Approximately 4.4 million board feet of Ponderosa Pine is sold each
 
year from the Custer National Forest. A significant portion of this total
 
comes from the Poker Jim Butte quadrangle. However, the timber crop on this
 
site has not been harvested in recent years because fires have consumed most
 
of the marketable stands. This particular quadrangle has sustained more 
fires and resultant loss of timber than any other area of the Custer Forest.
 
The Stockee branch area within this test site is potentially the best area
 
for harvestable timber.
 
The upland prairie areas, which are extensive in this site, are leased
 
to local ranchers for the purpose of grazing cattle. The Forest Service
 
manages the rangeland of the National Forest and establishes rest-rotation
 
patterns for the area; however, damage from earlier years still persists, and
 
overgrazing still occurs and is quite obvious in many locations (notably in
 
the southern half of the quadrangle). Again, undesirable species invade when
 
desirable species are subjected to continuous heavy grazing pressure. This
 
is not only economically costly to the cattle producers but can change the
 
entire vegetative compostion of an area. This disruption of the ecosystem
 
can then become virturally permanent. Guidelines for land use planning derived
 
from sattelite telemetry and ground terminals could prove applicable to this 
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type of planning problem.
 
The Bainville and Midway soil series, which are generally shallow and
 
weakly developed are found in the timber producing areas of the quadrangle.
 
The Wibaux-Fergus and the Nidway-Nunn Associations are generally associated with
 
the grassland parks of the quadrangle which are used for grazing. These
 
soils are shallow to moderately deep and occupy the areas of gently rolling to
 
slightly steep relief. Native grass species include bluebunch wheatgrass,
 
needleandthread, Idaho Fescue (Festuca idahoensis), little bluestem, prairie
 
junegrass (Koeleria cristata), and several species of brome grasses. Rosa
 
(Rosa spp.) and chokecherry (Prunus virginiana) are common in the drainages.
 
0 
S CHAPTER TWO 
2.0. Land Use/Cover Classification
 
2.1.
 
Because of the existing land uses and physiognomic features of the study
 
areas, the following land cover categories were chosen for this study:
 
mining
 
spoil pile
 
bareland or rock outcrop
 
hay, irrigated
 
clover
 
cereal grain, irrigated
 
cereal grain and bare
 
hay, non-irrigated
 
go-back wheat (abandoned farm areas)
 
sagebrush
 
ponderosa pine forests
 
water
 
At the beginning of this project, the importance of land use/cover
 
On the basis of experience gained during
classifications was not apparent. 

this study, it should be emphasized that this is the single most important
 
factor in LANDSAT data classifications. This is because LANDSAT data measures
 
the intensity level of reflectance or emissivity. The selected land cover
 
categories must therefore have these characteristics.
 
2.2.
 
In general, information generated from LAIDSAT requires supplemental
 
data for adequate planning and monitoring. Without supplemental data sources,
 
the margin for error is greater because decisions may be based upon insuffi­
cient information.
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The one-acre resolution provided by LANDSAT usually isfiner than what 0 
isnecessary for our study purposes. This is because Enercy Planning Division 
(EPD) is involved in the siting of power plants and tratsmission lines, and most 
inventories are mapped at 1:125,000. The study areas are often large--some­
times thousands of square miles in size--and very seldom less than one hundred 
square miles. However, the one-acre resolution would be useful for a specific 
monitoring area, such as a coal mine or conversion facility. 
The subject of verification isspecifically addressed inSection 3,2.1. 
LANDSAT accuracy is evaluated in Section 3.2.3. Comments are presented in 
Section 3.2.1. 
2.3. 
The supplementary data used by the EPD was used for demonstration purposes 
only, and should not be considered exclusively applicable for improving the 
classification or the problem analysis. As mentioned in Section 1,2., the 
four inventory maps used by the Department to prepare one composite map 
identifying mining sites were: overburden thickness, water problems, coal 
deposits, and the land use/land cover information generated by LANDSAT. 
2.4. 
Some problems in differentiating between functional activity classifications 
and remote sensing visible classifications are apparent. For example, bare 
soil could be a dirt road, badlands, reclamation area, or a plowed field. 
Itseems that pattern must be considered when interpreting remote sensing data 
to map land use, since similar signatures may image very different phenomena. 
An image signature in isolation is inadequate. Special care should also 4 
be emphasized in interpreting images taken at different times of the year. 
0CHAPTER 	 THREE
 
3.0. LANDSAT Data Utilization
 
Ground truth data sites were selected by Colorado State University and
 
the EPD. Field work and data collection was done by a contractor employed by
 
the EPD during the time period from June 9, 1975, through August 30, 1975.
 
Under the agreement between the EPD and the consultant, the consultant was
 
required to provide the following services:
 
1. Map land use, vegetation and geology of selected sites within
 
the project area
 
2. 	Quantitatively define units where applicable
 
3. 	Establish liaison with land owners and agencies interested in 
applications of remote sensing to resource inventory 
Figure 6 shows the ground truth data training sites used in the Colstrip SE 
0w quadrangle, and Figure 7 shows the ground truth data training sites used 
in the Decker quadrangle. 
3.1. Ground Truth for Signature Calibration of the Digital LANDSAT Tape
 
3.1.1.
 
Procedures used in selecting ground truth sites and collecting relevant
 
data were:
 
1. 	 Mapping out selected categories of land use and resources in four 
standard seven and one-half minute USGS map quadrangles in the
 
state. The project would then be able to test the finest practi­
cable resolution available from LANDSAT imagery.
 
2. 	Adopting a test land use classification system and a test cellular
 
size and hierarchy to handle the different needed levels of
 
accuracy and frequency of coverage, for various purposes within the
 
state.
 
3. 	Selecting of remote sensing and conventional data, and assembling
and 	converting this data into form and analyzed by the project.
Primary responsibility for interpreting and applying the remote
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Figure 6 Ground Truth Data Sites-Colstrip S.E.
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Figure 7 Ground Truth Data Sites-Decker Quadrangle 
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 
:........ ... 
16 
40~~ 
_ 
~ . .... ... .. . 
_ " • 
32 . :. . ... . 
........................... .. ........... 
± ,. ,, I 
--­40 _ _4 _ _ _ 
48 _ -t_ 
_ 
56 
64 
_ _ _ __ _- I4­
72 8. . ... . . . .. . ..I. ". .. _ 
. 88 _ m 2... ...... --­ .. 
96 .. .. .. ---.. . ....... . 
104 .-.. . . --- ---­
112 . . .. 
_ 
-
120 - I 
_ 
_ 
128 ... . - . . . 
136 . ,.. 
144 . .. . ..... .....­
152 . . . . . .. .. . . 
1 .- - - - -..... --... 
. 
160 . . .... ,, . 
8 ........ . 
176 I .-- LL. .. 
1 Cereal grain, irrigated j go-back wheat 
clover pine ORIGINAL PAGkW lb 
sacebrush , . sDil pile OF POOR QUALITY 
20 
sensing data was with the Colorado State University.
 
3.1.2.
 
Man-hours expended were approximately as follows:
 
Field work and verification 40 man-days

Literature review (Appendix A) 5 man-days

Collection of composite sources 3 man-days

Cartographic work for computer maps 4 man-days
 
Computer compositing 3 man-days

Computer program development 10 man-days

Administration 
 12 man-days

Final report 12 man-days
 
TOTAL 92 man-days
 
per four quadrangles
 
AVERAGE: 22 man-days per quadrangle
 
In retrospect, it appears possible to cut down the total average time per
 
quadrange for future application from 22 man-days to 10 to 12 man-days. This
 
is especially true if the quadrangles are close to each other. If these
 
quadrangles are connected to each other, time may be cut even further.
 
3.1.3.
 
The ground truth procedures are linked to selection of classificatiory
 
units. Experience indicates that this could best be accomplished by:
 
1. 	Reviewing aerial photographs of the area to be studied
 
2. 	Making a brief reconnaissance of the area, with photos
 
3. 	Selecting the classificatory units and defining them fully and
 
carefully.
 
A hierarchical system of classification would make classification most
 
consistent. Following is
an example of such a hierarchy for vegetation cover
 
classes:
 
0 
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A. Tree cover over 25%. Ifnot, B.
 
1. Predominantly conifers
 
a. Name for dominant tree(s)
 
2. Predominantly broadleaf trees
 
a. Name for dominant tree(s)
 
B. Shrub cover over 25%. If not, C.
 
1. Name for dominant shrub(s) ± lesser plants
 
C. Grasses and forbs dominants
 
1. Name for one or more dominants
 
The model could be expanded to areas without vegetation, where a hierarchy
 
of rock outcrops, salt flats, plowed fields, paved areas, etc., could be
 
arranged. Inthis manner, subjective questions of classification could be
 
made less troublesome.
 
3.2.
 
Verification procedures for determining the accuracy of LANDSAT maps
 
consisted of the following steps: (1)designation by Colorado State University
 
of verification sites, (2)collection of ground truth data by the EPD for
 
verification purposes, and (3)completion of "V"forms and statistical
 
analyses of accuracy.
 
3.2.1.
 
The "V"forms were found to be a good tool for evaluation.
 
Some major errors were found through field checking the LANDSAT mapping.
 
Some error isattributable to the temporal factors, while other errors are
 
more fundamental.
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Two of the quadrangles chosen for study (Colstrip SE and Decker) have
 
been and are undergoing rapid change, particularly with respect to the mining
 
classes (see Figure 3). Reconstruction of the 1974 conditions represented by
 
LANDSAT data is difficult. Therefore, we entitled these quadrangles
 
"dynamic quadrangles."
 
The land in crops and the crops themselves also change often, When
 
land ownership also changes, reconstruction is impossible. Some mapping
 
error is no doubt attributable to the time factor.
 
Errors involving the mapping of forests and rangelands are not so easily
 
explained. With few exceptions (such as fire, logging, etc,) these classes
 
are persistent. Their signatures, however, are not constant, especially in
 
rangeland. Annual species, when abundant, cause very different signatures in
 
spring and late summer. For example, a field of annuals after spring rains
 
and snowmelt appears bright red on color infra-red imagery, appearing some­
what like irrigated cropland. The same areas in late summer may (on color
 
infra-red transparencies) appear white and have a high emissivity. The dead
 
and dried vegetative matter and dry soil now revealed can account for this,
 
Finally, as mentioned earlier, any changes inphotographic equipment, film,
 
or processing can cause problems in interpretation. Photos taken when snow
 
is present must, of course, be ignored.
 
No explanation can be offered for misidentification of Ponderosa pine
 
stands unless itstems from faulty orientation and location.
 
3.2.2.
 
Figure 8 indicates verification plots. These did not cover bareland,
 
spoil piles, sagebrush, and water; therefore, it is impossible to actually
 
make verification. Other components are listed in the V-1 Form, Copies of
 
__ 
Figure 8 Verfication Plots-Colstrip S.E. Quadrangle
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FORM V-1 CODING LIST State Montana
 
Basic Coding Later Computations 
Primary Land Use / Cover % Accuracy of LANDSAT 
Secondary or sub-classes Colstrip 
Mining 9.09% 
Hay, Non-Irrigated 73.2% 
Ponderosa Pine 16.7% 
Hay, Irrigated 0% 
Clover 44.4% 
Cereal Grain and Bareland 66.7% 
Cereal Grain Irrigated 50% 
Go Back Wheat 0% 
Crested Wheat 0% 
Unclassified or Other 22.2% 
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* the V-2 Forms for verification are attached as Appendix B.
 
3.2.3.
 
The accuracy indicated in the V-1 Form cannot be considered representative,
 
as there are too many unknown factors at the beginning. Land cover changes
 
rapidly within the quadrangles, and generalization is difficult when LANDSAT
 
data comes from 1974, the ground truth training site data comes from 1975, and
 
the verification data was collected in 1976. Therefore, it is recommended
 
that for any future project, data collection, interpretation, and verifi­
cation all be conducted within three to six months of each other,
 
3.3. Comments on LANDSAT Comared with Other Survey Methods
 
3.3.1.
 
Although the size of each cell represented by LANDSAT data is approximately
 
one acre, this does not represent a resolution of one acre. It is therefore
 
very difficult to compare LANDSAT data with conventional airphoto data.
 
The only system available which would allow a one-acre resolution would
 
be photo interpretation of large scale, high quality aerial photographs using
 
a magnifying stereoscope. Ground truth would be necessary.
 
Cost cannot be evaluated in abstract because the major cost factor of this
 
alternative is the aerial photographs. If they are available and need only
 
be duplicated or purchased, the cost would be relatively low. The cost of
 
producing such photographs, however, is usually prohibitive. Often it would
 
be less expensive to sample virtually 100% on the ground depending on area
 
size.
 
The accuracy of a map made in this manner should be extremely high, There
 
Sis,however, the problem of transferrinc delineations from photograph to base
 
map in areas of great topographic relief.
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To summarize, costs comparison cannot be done in abstract. Availability
 
of photographs allowing one-acre resolution is questionable, although this
 
depends on the classes recognized for mapping. With few classes, resolution
 
would be less of a problem than if many classes are used. The-accuracy edge
 
would go to manual interpretation.
 
3.3.2.
 
The EPD's experience in this test suggests that the time and costs could
 
be cut considerably, especially with repsect to ground truth and verification.
 
Section 3.1.2. shows the major suggested change. It is estimated that in
 
areas of average accessibility fifty verification plots in a quadrangle could
 
be mapped in two man-days, irrispective of preparation and travel time.
 
Collection of existing data would be more time-effective for a larger area.
 
In expanding coverage to a larger region heterogeneity would increase
 
with study area. Thus, more classificatory units would be needed and signature
 
identification would become more critical. This problem would be especially
 
pronounced with respect to cover classes. The vegetation of Montana ranges­
from moist forests to short grass prairie to alpine communities. The latter
 
two, while poles apart, ecologically, might have similar signature in all
 
bands. Thus it would seem that some knowledge of the area under consideration
 
is requisite for accurate mapping. The validity of using signature alone is
 
questionable.
 
Some preliminary subdivision of the state into areas of relative homo­
geneityrmightsolve some of these problems. This would reduce the number of
 
possible interpretations of a given signature, and will be further discussed
 
below.
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CHAPTER FOUR
 
4.0. Multi-Source Compositing
 
During this project, maps from different sources were prepared for use
 
by the Composite Mapping System (CMS) software and the Energy Planning (EPD)
 
Environmental Resources Geo-Information System (ERGIS) software. Through
 
inter-agency cooperation, maps from conventional 
sources were gathered; they
 
were prepared and digitized by the EPD. Colorado State University (CSU) mean­
while prepared the LANDSAT land use map to a cellular format.
 
4.1. Composite Map Analysis
 
4.1.1.
 
The EPD has been using computer composite mapping for some time now and
 
has written its own software system for map compositing and manipulation
 
purposes.
 
In general, computer mapping and manipulation processes can be divided
 
into two major categories: (1) the grid or cellular system, and (2)the
 
polygon system. 
The cellular system can be subdivided into the dominant-type
 
cellular system and the percentile-type cellular system. It is extrememly
 
important to ensure that the cell size used by the cellular system is able to
 
provide adequate accuracy. A study area may constitute millions of cells;
 
therefore, an automated data input system (i.e., automated digitizer) is
 
necessary. In the EPD's experience, programs written on the cellular
 
approach tend to be shorter and easier to write. 
This reduces the development
 
costs of the software, as well as the computer cost of running each program.
 
Versatility is also an advantage; the cellular approach allows the addition
 
of new programs more easily and at less expense. A general explanation of
 
Montana's mapping system follows.
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A. State of Montana's Mapping System
 
All of the map compositing and digitizing (other than the LANDSAT map)
 
for this project was done with the State of Montana's mapping system, which
 
consists of two primary parts: the digitizing equipment and the compositing
 
software. They are described below.
 
1. ng Equipnent 
The digitizing equipment consists of a Broomall GP-100 raster scanner. 
This equipment can scan documents up to about 9 inches by 23 inches. The 
document is scanned into a cellular format at a resolution of 50, 100, 200, 
or 400 cells-per-inch (2,500; 10,000; 40,000; or 160,000 cells per square 
inch, respectively). The scanner reads the document by shining a light on 
it and measuring the intensity of the reflected light. 
The data from a map can be written to tape. This data can then be taken 
to the main computer for processing. 
This system also has a matrix plotter. It can plot maps being scanned 
or map data residing on tape. Since the software used to process the map 
data at the main computer maintains the same coding format as that used by 
the scanner, processed or composited maps can also be plotted. 
The plotter is a Versatec Model 2000. It is capable of printing black 
dots on white paper. The dots have a resolution of 100 per inch. 
The equipment is unique and requires a considerable amount of maintenance 
work. However, its uniqueness makes it satisfactory for the digitizing of 
maps. Figure 9 isa diagram portraying the interrelationship between equip­
ment components.
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2. Compositing Software
 
The EPD has purchased and written software packages for the manipulation
 
of digitized data. These packages are of twp types: (1)software for
 
cellular format processing only, and (2)software for conversion of the cellu­
lar format to the polygon format. The following discussion applies only to
 
the cellular system.
 
The Raster Software System (RSS) was written in FORTRAN with a minimum
 
of machine-dependent instructions. The system consists of approximately
 
6,000 lines of code and about 20 programs. Following is a brief explanation
 
of each program.
 
(1) ACRE--This program calculates acreages by counting cells.
 
(2) AGGREGATE--This program reduces the number of cells in a map by
 
aggregating original cells into single cells according to the domi­
nant type of original cells. A map aggregated I by J (I and J
 
being integers) would have one-Ith as many cells in one direction,
 
and one-Jth as many cells in the other direction.
 
(3) ANALYZE--This program is a debugging tool for determining the
 
condition of a map file. It is especially useful in recovering as
 
much of a map residing on a defective tape as possible.
 
(4) CIANGE--This program is used to change the descriptors used in a
 
map file from one value to another. An example is to convert an
 
inventory map into a suitability map for planning purposes.
 
(5) COPY--This program is used to copy files and change some map file
 
parameters, such as scanning gray level intensity, scale and resolu­
tion (i.e., cells per inch). There are two types of files--packed
 
file and descriptor file--and COPY can change the type of a file.
 
The definitions of packed file and descriptor file are given below,
 
Packed Files: Each cell of a map is inherently accepted or
 
rejected in a packed file. The first number in a line, if it
 
is not the end of line symbol, is the first cell to be
 
accepted. The next number is the next cell to be rejected,
 
if it is not the end of line symbol. Example: assume a Y
 
count of ten. Consider the series:
 
5 8 32767 23767 0 32767
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In the first line cells 5, 6, and 7 are accepted, The cells
 
0, 1, 2, 3, 4, 8 and 9 are thus rejected, In the second line
 
all ten cells (0-9) are rejected. In the third line all ten
 
cells are accepted.
 
Descriptor Files: Each cell of a map in a descriptor file has 
some number or descriptor associated with it. The first number 
of a line is always zero. The next number is the descriptor 
associated with cell zero. The next number, if it is not the 
EOL symbol, is the next location at which the descriptor is 
different from the descriptor of cell zero. The next number 
would then be the new descriptor. For example, assume a Y 
count of 10: 
0 1 8 2 32767 0 1 2 4 7 2 32767
 
In the first line cells 0-7 have descriptor one and cells
 
8-9 have descriptor two. In the second line cells 0-1 have
 
descriptor 1, cells 2-6 have descriptor 4, and cells 7-9
 
have descriptor 2.
 
(6) CORRELATE
 
(7) CORRELATE WITH USER FUNCTION--These two programs (6 and 7) are used
 
for the compositing of maps. CORRELATE can composite up to five
 
maps in a single computer run; CORRELATE WITH USER FUNCTION can go
 
up to ten. With both programs, a new map is created from one or
 
more old maps. The descriptor inserted in the new map is determined
 
by the descriptors of the old maps and the way the user has set
 
the program to run.
 
(3) DUMP--This program gives a decimal dump of map files and is intended 
primarily for debugging.
 
(9) FILL-This is a specialized program. It is used to help prepare
 
maps that have been scanned by the scanner for use in processing.
 
It probably has few general applications.
 
(10) 	 INPUT--This program is used to take data from other cellular
 
mapping systems and make RSS-coded map files from the data.
 
Since it uses 80 byte records, it is very useful for accepting
 
data punched on cards.
 
(11) 	 INSERT--This program is used to change the value of specific cells
 
within a map. The address of the cells must be known in order to
 
change them.
 
(12) 	 JOIN--This program is used to join maps together, Since the EPD's 
raster scanner can scan a map at the maximum size of 9 inches by 
23 inches, larger maps must be either photographically reduced or 
cut into smaller segments. Program JOIN can join scanned map 
segments into one map.
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(13) NASAIN-­
(14) 	 NASAOUT--These programs (13 and 14) are specialized programs for
 
interfacing the EPD's mapping system with CMS-11.
 
(15) 	 OVERLAY--It iscommon that during any study related to geo-infor­
mation manipulation, certain types of maps do not have descriptors
 
or inventory patterns covering their entire study areas. The
 
program OVERALY was created to handle the map comp6siting more
 
efficiently than programs CORRELATE and CORRELATE WITH USER
 
FUNCTION. InRSS map files, the descriptor zero is used for "no
 
data.: Thus, when one map is overlain on another, cells with the
 
descriptor zero will not overwrite cells with non-zero descriptors.
 
Overlays of maps (of the type often used for publication) can be
 
scanned and prepared for use by the program OVERLAY,
 
(16) 	 PRINT--This program sends a map file to a line printer. Itprints
 
each cell in the map as a character on the line printer. To
 
print these characters up to triple printing can be used.
 
(17) 	 RECOVER--This program will make line work maps out of data-filled
 
maps. The terms "line-work maps" and "data-filled maps" are used
 
in this report to refer to special types of digitized maps. Both
 
are coded in a cellular format, but differ in content.
 
If a scan is made of what cartographers call the line work, the
 
result will be a computer file with cells marked as being either
 
part of a line or not part of a line. These lines presumably
 
separate different soil types or vegetation types, etc. But
 
these categories are not present inthe maps; only the lines
 
separating the different categories are present. This is a line
 
work map.
 
A map 	that is ready for compositing should have ineach of its
 
cells that category of soil type, vegetation type, etc., that is
 
most characteristic of the area of land that cell represents. Thus,
 
no actual lines will be present inthe map. This type of map is
 
called a data-filled map.
 
Inpreparing a map for compositing, the user may start with a scan
 
of the line work. Some of the programs described in this report
 
were written to aid in converting line work maps to data-filled
 
maps and vice-versa.
 
A program the EPD has, the Williams Software which converts
 
cellular format into polygon format will make polygon lists from
 
line work maps.
 
(18) 	 SKEW--This program is used to extract a piece of a map or to 
extend the sides of a map. The user simply gives the beginning 
and ending X and Y counts. A new map is created from the old. 
Any new cells that laid outside the old map will have the descriptor 
zero. 
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0(19)	THINNER--This program is used to thin lines ina line work map. A
 
line work map, as mentioned earlier, identifies the lines separating

the areas of different characteristics. Ifthese lines are more
 
than one cell wide. this program can thin the lines.
 
3. Summary 
This description of the State of Montana's mapping system is not intended
 
to make the reader aware of all of the capabilities of the system. It is
 
intended as a brief overview and an introduction. Users manuals for both the
 
GP-100 scanner and the Raster Software System are available from the EPD,
 
DNR&C.
 
B. Data Registration
 
The combining of conventional data with LANDSAT digital data isparticu­
larly easy for the EPD because of the availability of the computer hardware
 
Oand cellular mapping software. The EPD simply created the map files with
 
cells of the same size and registration as the LANDSAT files.
 
Inorder to achieve the correct cell size and registration, the maps
 
were prepared inthe follwoing way: the maps were first prepared at a
 
scale of 1:60,000. They were scanned at a resolution of 100 cells per inch,
 
Therefore, each cell has a ground truth size of 50 feet by 50 feet. After
 
some processing at this scale, they were aggregated by a factor of 20 to i
 
(4x5). This produces the same size rectangular cells used by CMS. The maps
 
were registered to registration marks on the maps with the scanner.
 
4.1.2.
 
The EPD chose the theme of coal mining site suitability for its compositing.
 
* 	 In this study, only three additional maps were prepared for the compositing,
 
Itshould be stressed again that inan actual mining site suitability study,
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many more maps would be prepared and far more complex compositing would be
 
used. 
The compositing used here is given only as an illustration. Therefore,
 
the selection of mining sites by this study cannot be used for actual
 
designation of unsuitable sites from this study. 
It ismeant as a demonstra­
tion of the feasibility of using LANDSAT data only. However,' an actual
 
compositing would probably follow a similar theme.
 
Figure 10 shows the flow chart for composite map of "Coal Mining Site
 
Suitability." A matrix showing the method of compositing is given in Figure
 
11. This matrix is similar to those sometimes used by the EPD. A "worst
 
case" method of compositing was used. The rating of a cell of the composite
 
map takes on the value of the "worst" or highest number of the cells of the
 
other four maps.
 
As the reader can see, the areas without water table problems and with
 
coal near the surface tend to have more compatible ratings. Areas with water
 
table problems or thicker overburden tend to have incompatible ratings. (See
 
Figures 12 through 15 and the composite map, Figure 16.)
 
4.1.3.
 
Of the three non-LANDSAT maps, the overburden thickness map is the one
 
based upon actual data. 
 This map was acquired from the Department of State
 
Lands of Montana. Itwas taken from Bulletin 91, Plate 14, of the Montana
 
Bureau of Mintes and Geology. Itwas redrawn then photographically reduced
 
to 2/5 the scale of the 7 -minute quadrangles. This was then suitable for
 
scanning.
 
The other two maps were based upon artifically-simulated data.
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LEGEND FIGURE 16
 
Coal Mining Suitability Composite Map
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The EPD is now using computer compositing for the routing of trans­
mission lines. Since the programs to make the CMS system compatible with
 
the EPD ERGIS system are written, LANDSAT data could be used in these
 
studies. Another potential use by the EPD is the monitoring of power plants
 
for air pollution impact. If LANDSAT data were available that contained
 
this impact information, the computer could be used to identify areas where
 
significant changes in the signatures were detected. Technicians could then
 
be sent to the field to check on these changes,
 
The Department of Fish and Game could use computerized maps to make
 
acreage calculations accoridng to game species habitat and ownership, It
 
may enable the Department, for example, to calculate exactly how many habitat
 
acres are owned by the state, by the federal government, or by private
 
citizens.
 
The U.S. Forest Service is now in the process of developing its own
 
software and hardware system. It is using both the cellular format and the
 
polygon format.
 
One Indian tribal council' indicated interest in LANDSAT data for purposes
 
of tribal land management.
 
4.2.2.
 
Experience which has been gained during this study is invaluable for
 
frther application of land cover data collection in eastern Montana. The
 
EPD is confident that if the following conditions are met, LNADSAT land
 
cover data can be accurate and useful: (1)ground truth training sites are
 
established at representative locations, (2) categorization of land cover
 
types is established at distinguishable levels, and (3)all processes,
 
including ground truth data collection, LANDSAT data collection and interpre­
tation, and verification can be accomolished within a period of three to six
 
months. On the other hand, because of the wide variation in moisture and
 
physiographic diversities which exist between eastern and western Montana
 
a pilot study on a statewide basis i's required inorder to determine the
 
accuracy, efficiency and economics of applying LANDSAT approach to a state­
wide data bank.
 
In order to use LANDSAT as statewide data bank, it is necessary to divide
 
the state into many homogeneous regions for land cover categorizations and
 
LANDSAT data interpretations.
 
LANDSAT data has tremendous potential for being a statewide or regional
 
data bank due to the low cost of data collection and the high efficiency of
 
information updating capabilities.
 
4.2.3.
 
The State of Montana has a vast amount of land and a low population.
 
Data is therefore practically non-existent on a statewide basis, as the state
 
lacks complete USGS map coverage. The only statewide coverage is provided by
 
AMS maps, produced at a scale of 1:250,000, and highway maps produced by the
 
Highway Department at the scale of one inch equals two miles.
 
Most data generated by governmental agencies, both state and federal,
 
are for specialized projects only, and therefore cannot be generalized to
 
the state as a whole for other purposes. Inmost cases, the EPD must collect
 
its own data for projects it is responsible for conducting. LANDSAT data
 
therefore offers the EPD potential to collect land use data efficiently and
 
economically.
 
CHAPTER FIVE
 
5.0. Summary -of Findinos and Recommendations
 
The EPD considers the compositing method and the LANDSAT data to be
 
potentially useful. The compositing method can be used to aid in energy
 
facility siting and various other land use planning. The LANDSAT data used
 
in conjunction with methods outlined in Section 4.2.2. could potentially
 
provide a relatively stable source of predigitized mapping data.
 
5.1.
 
The EPD recommends that any agency involved in data inventory for
 
planning and map compositing consider the use of the LANDSAT approach as
 
one possible data collection method. If aerial photographs do not exist for
 
a study area, the LANDSAT approach appears even more attractive, In order to
 
maintain a mapping data bank, the LANDSAT approach is probably one of the
 
most feasible methods available now. A pilot project to test the reliability
 
of using LANDSAT for data up-dating and its economic feasibility for such
 
purposes is in order.
 
5.1.1.
 
The EPD spent $120 on scanning time to digitize the maps. The division
 
also spent approximately $120 of computer processing funds preparing three
 
supplementary maps and punching the "P" cards. The bill for the photographic
 
work is probably about $20. Approximately $100 in staff time was spent on the
 
preparation of these files. The composite run costs about $10. The cost of
 
converting the LANDSAT data to the EPD Raster Software System format was
 
about $10.
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The above figures are figures for only this particular project. The
 
exact cost for future projects is very difficult to specify at this time;
 
for example, a cost per quadrangle is deoendent upon too many variables.
 
The most important variables include: CI) computer scanning and processing
 
costs, which vary with the complexity of map content, (2) diversity of land
 
cover categories among the test quadrangles, possibly increasing the cost of
 
ground truth data collections and computer data interpretations and verifi­
cation.
 
5.1.2. Possible Application of LANDSAT Approach to Future Projects
 
Certain areas of Montana are under study and data coverage of these
 
areas are needed immediately. They are the areas having coal deposits,
 
especially Circle West, the area around Kootenai Falls, and possibly the area
 
around Troy. A 140 megawatt hydroelectric plant and dam are proposed at
 
Kootenai Falls, a gasification plant is considered in the Circle West area,
 
and a mining project is proposed at Troy.
 
A. Issues Related to Statewide Multi-Source Maoping Bank
 
Issues related to the establishment of a statewide multi-source mapping
 
bank is complicated. From the technical standpoint, the establishment of
 
such a bank can be accomplished; this involves work related to data collection
 
systems, data input and digitizing systems, data retrieval and output
 
systems, data storage and data manipulation systems. The political issues
 
involved, however, in setting up such a bank are more difficult. Some
 
interagency competion may develop. The task may in fact be impossible without
 
legislative and executive orders to centralize authority.
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Before establishing a data bank, it is important to define its functions
 
and objectives. Economic feasibility must be established, Many data banks
 
established in this country have not worked well as expected because functions
 
were not well-defined at the beginning and economic feasibility was not
 
seriously considered. But, on the other hand, it is necessary to have a
 
reasonable budget allocation for at least several years, along with centralized
 
authority, to effectively determine the bank's necessity and feasibility,
 
CHAPTER SIX
 
6.0. Related Project Activities
 
The most significant project related to this study is the development
 
of the EPD Raster Software system with its scanner, particularly because of
 
its compatibility to CMS. This system allows the semi-automatic digitization
 
of maps for use with CMS and/or LANDSAT data. It also provides an alternate
 
system to C1S for processing of these digitized maps.
 
A comparison of the CMS system to the EPD Raster Software System was
 
made by the Department of Community Affairs. Although the comparison was
 
not extensive, the DCA chose to use the EPD system instead of CMS,
 
This system allows hundreds of descriptors rather than a round 50 and
 
limits map sizes to a larger size than the user would probably ever need.
 
The system was considered more versatile. It also appeared to run approxi­
mately seven times as fast as CMS, thereby reducing costs.
 
ERGIS Data Bank For Land and Resource Utilization
 
In July 1975, the EPD published a report outlining the establishment of
 
an Environmental Resources Geo-Tnformation System (ERGIS) data bank for land
 
resources utilization. The relationship between a data bank and land use
 
olanning is a servant and master situation. The data bank is the tool to
 
carry out the ultimate goal of land use planning.
 
Sometimes, due to certain difficulties, financial and/or organizational,
 
one has to work with the hardware or software that isavailable. It is
 
important to know in advance whether this hardware or software system can
 
acconmodate the planning need. It could be a serious mistake to shape the
 
land use methodology according to the available software and hardware systems.
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The methodology can only be modified to an extent that does not alter the
 
final results. If alteration does occur, the redevelopment of the hardware
 
or software system is required.
 
The purpose of utilizing the ERGIS data bank, or any other type of land
 
use planning data bank, is to increase work efficiency and to add the capability
 
of handling complex environmental data for resources managment and decision­
making. The justification for establishing an ERGIS data bank can be
 
specified as follows:
 
1) The need to convert all resources information into digital form for
 
data manipulation
 
2) The need to use an automated method of data conversion
 
3) The need to constantly and instantly revise and update inventoried
 
data at an affordable cost
 
4) The need to reduce the incidence of error
 
5) The need to reproduce inventory maps at any scale, by an area
 
defined by the designated geographic boundaries, and by any desired
 
combination of data elements.
 
Storage of geo-information data in digital form requires an input system
 
and a storage system. Data interaction and synthesis relate to data manipu­
lation. In order to display the stored data and the results of data maipula­
tion in the desired way, an output and retrieval system is necessary.
 
Therefore, an ERGIS data bank should comprise input, storage, output, and
 
manipulation subsystems. An overall review of the ERGIS data bank and the
 
- interrelationship among its subsystems is shown in Figure 17, The major 
steps include: (1) input material analysis, (2)input device selection, 
(3)storage format determination, (4) storage device selection, C5) output
 
format and device selection, and C6) data manipulation requirements.
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Figue 1 
REMOTE SENSING RESOURCES PROJECT 
SUMMARY OF EXPENDITURES 
Qt Ending Qt Ending Qt Ending Qt Ending Qt Ending Qt Ending 
6-30-75 9-30-75 12-31-75 3-31-76 6-30-76 9-30-76 Total 
SALARIES & WAGES: 
1. State LAR 221.38 111.24 175.36 253.29 253.30 329.44 1,344.01 
2. Other Staff 83.37 74.78 260.23 182.33 624.04 884.75 2,109.50 
3. Overhead 38.22 24.47 46.84 55.51 111.86 149.08 425.98 
4. Consultant _1,500.00 750.00 2,250.00 
Sub-Total 342.97 1,710.49 1,232.43 491.13 989.20 1,363.27 6,129.49 
TRAVEL: 
3. Field Trips 24.61 183.04 36.00 29.00 272.65 
4. Working Conferences 157.00 149.00 48.68 354.68 
Sub-Total 181.61 183.04 -0- -0- 185.00 77.68 627.33 
EXPENDABLES: 
5. Maps 150.95 3.00 153.95 
Airphotos 353.00 353.00 
Copy, etc. 12.70 12.70 
Equipment-Minor 317.48 317.48 
Telephone 8.28 9.46 13.18 14.78 12.13 4.54 62.37 
Telephone - Long 
Distance 2.83 31.39 6.08 13.52 6.45 60.27 
Rent 59.16 88.74 88.74 88.74 88.74 88.74 502.86 
Office Supplies 1.68 .25 2.13 4.76 3.84 .54 13.20 
Books 9.85 9.85 
Data Processing 405.42 405.42 
Sub-Total 422.12 252.23 135.44 434.84 118.23 528.24 1,891.10 
TOTAL DIRECT COSTS 946.70 2,145.76 1,367.87 925.97 1,292.43 1,969.19 8,647.92 
A87 INDIRECT COSTS: 
FY 1975 9.92% Final 93.91 93.91 
FY 1976 10.59% Final 227.24 144.86 98.06 136.87 607.03 
FY 1977 10.97% 
Provisional 216.02 216.02 
TOTAL 'PROJECT COSTS LQA0061 2 373.00 1,512.73 1,024.03 1,429.30 2,185.21 9,564.88 
LESS AMOUNT RECEIVED 
TO DATE 5,563.31 
AMOUNT DUE THIS BILLING 4 001.57 
-5 
CHAPTER SEVEN
 
7.0. Accounting Statement
 
The budget presented below lists expenditures accrued through September­
30, 1976; the seventh quarterly figures are not included, The total amount
 
of funds expended on this project will exceed the S10,500 grant from NASA;
 
however, the state will absorb the extra costs.
 
APPENDIX A
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FORM V-2 LAND USE VERIFICATION State 
Quad 
Plot # 
see note A 
Montana 
COLSTRIP S.E. 
25 X 142 
Land Use / Cover 
Divide area as 
needed and code 
each portion. 
Use only codes 
from V-1 list, 
plus "otner ­
unclassified" 
(OU) 
H 
ITrees 
Crown Density of 
and Brush 
Divide area same 
as Land Use plot. 
Use peak of growing 
season. Estimate 
% coverane by trees 
and brush, as seen 
in full crown. 
Aspect and Slope 
Divide area as 
needed. Use only 
the aspects: N, 
NE,E,SE,S,SW,W, 
-W, L (level).
Utimate slopes: 
0%,10,23%, etc. 
H 
H 
H 
H 
H 
LANDSAT 
classification 
of each 1.1 acre 
cell. 
(May be filled 
in later). 
H H 
Notes on data sources used in verification: 
Note A: some scattered Populus deltoides present 
Notes on Droblems of location or classification of plot: 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
ORIGIALq PAGE b 
OF poOR QUJALYMh 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot # 67 X 148 
Land Use / Cover 
Divide area as 
HCrown Density of 
Trees and Brush 
needed and code 
each portion. 
Use only codes 
from V-1 list, 
plus "other ­
unclassified" 
(OU) 
Divide area same 
as Land Use plot. 
Use peak of growinq 
season. Estimate 
% coverane by trees 
and brush, as seen 
in full crown. 
Aspect and Slope 
Divide area as 
needed. Use only 
the aspects: N, 
NE,E,SE,S,SW,W, 
NW, L (level). 
Estimate slopes: 
0%,10%,20%, etc. 
I 
i 
I 
I 
G 
# 
G 
G G 
LANDSAT 
classification 
of each 1.1 acre 
cell. 
(May be filled 
in later). 
Notes on data sources used in verification: 
Area marked = was recently planted 
Notes on oroblems of location or classification of plot: 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
(4
 
FORM V-2 LAND USE VERIFICATION State Montana
 
Quad Colstrip
 
Plot # 40 X 154
 
(H
 
Land Use / Cover 	 Crown Density of
 
Trees and Brush
 Divide area as 
needed and code 	 Divide area same
 
each portion. as Land Use plot.
 
Use only codes H Use peak of growing
 
from V-I list, season. Estimate
 
plus "other - % coveraoe by trees
 
unclassified" and brush, as seen
 
(OU) 	 in full crown.
 
Aspect and Slope LANDSAT
I classification
 
Divide area as H H# of each 1.1 acre
 
needed. Use only cell.
 
the aspects: N, (May be filled
 
NE,E,SE,S,SW,W, in later). 
0,L (level). H H H 
timate slopes: 
0%,10%,20%, etc. 
H H H 
Notes on data sources used inverification:
 
Area marked I,H, i is a thin hilly range site. 
Notes on oroblems of location or classification of plot:
 
.jotes on introducing LANDSAT cell data and making statistical comparison:
 
ORIGINAL PACE I
 
OF POOR QUALITh
 
FORM V-2 LAND USE VERIFICATION State Montana
 
Quad Colstrip
 
Plot # 65 X 161
 
Land Use / Cover Crown 	Density of
 
and Brush
ITrees
Divide area as 
needed and code Divide area same 
each portion. as Land Use plot. 
Use only codes Use peak of growinq 
from V-1 list, season. Estimate 
plus "other - % coverane by trees 
unclassified" H and brush, as seen 
(OU) in full crown. 
Aspect and Slope 	 LANDSAT
 
classification
 
Divide area as of each 1.1 acre
 
needed. Use only cell.
 
the aspects: N, (May be filled
 
NE,E,SE,S,SW,W, in later).
 
NW, L (level). P #
 
Estimate slopes:
 
0%,10%,20%, etc.
 
P P # 
Notes on data sources used in verification:
 
Part marked HWY is a highway.
 
Notes on oroblems of location or classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison: 
4
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad COLSTRIP S.E. 
Plot # 91 X 164 
Land Use / Cover Crown Density of
 
ITrees and Brush
Divide area as 

needed and code Divide area same
 
each portion. as Land Use plot.

Use only codes Use peak of growing

from V-i list, season. Estimate
 
plus "other - % coverane by trees
 
unclassified" and brush, as seen
 
(OU) in full crown.
 
Aspect and Slope LANDSAT 
classification 
Divide area as G H H of each 1.1 acre 
needed. Use only cell. 
the aspects: N, 
NE,E,SE,S,SW,W, 
J (May be filled 
in later). 
s , L (level). 
stimate slopes:-
H H H 
0%,10%,20%, etc. 
H H 
Notes on data sources used inverification:
 
Some species found - Melilatus alba, Calomovilfa longifolia, Andropagon Scoparius,
 
Bromustectorum, Artemisia cana.
 
Notes on Droblems of location or classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot # 89 X 161 
Land Use / Cover 
Divide area as 
needed and code 
each portion. 
Use only codes 
from V-1 list, 
plus "other ­
unclassified" 
(O) 
H, 
fI 
ITrees 
Crown Density of 
and Brush 
Divide area same 
as Land Use plot. 
Use peak of growing 
season. Estimate 
% coverage by trees 
and brush, as seen 
in full crown. 
Aspect and Slope 
Divide area as 
needed. Use only 
the aspects: N, 
NE,E,SE,S,SW,WI, 
NW, L (level). 
Estimate slopes: 
0%,10%,20%, etc. 
G 
G 
H 
H 
H 
H 
H 
G 
LANDSAT 
classification 
of each 1.1 acre 
cell. 
(flay be filled 
in later). 
Notes on data sources used in verification: 
Notes.on problems of location or classification of plot: 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana
 
Quad Colstrip
 
Plot # 37 X 166 
1RD 
Land Use / Cover Crown Density of
 
Trees and Brush 
Divide area as 
needed and code Divide area same 
each portion. H as Land Use plot. 
Use only codes Use peak of growing
 
from V-1 list, season. Estimate
 
plus "other - % coverane by trees
 
unclassified" and brush, as seen
 
(OU) in full crown. 
Aspect and Slope LANDSAT 
classification 
Divide area as A A A of each 1.1 acre 
needed. Use only 
the aspects: N, 
NE,E,SE,S,SW, I, 
I 
A H H 
cell. 
(May be filled 
in later). 
0, L (level).
*tinate slopes: .... 
0%,10%,20%, etc. 
H H H 
Notes on data sources used in verification:
 
Notes on oroblems of location or classification of plot:
 
-4otes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad 
Plot # 
Colstrip 
37 X 163 
Dirt Rd. 
Land Use / Cover 
ITrees
Divide area as 
needed and code 

each portion, 

Use only codes 

from V-i list, 

plus "other ­
unclassified" 	 H 

(OU) 

Aspect and Slope 

Divide area as 	 P H H 
needed. Use only 

the aspects: N, 

NE,E,SE,S,SWW, 

NW, L (level). 	 H H H 
Fstimate slopes:
 
0%,10%,20%, etc.
 
P P H 
Notes on data sources used inverification:
 
Notes on uroblems of location or classification of plot:
 
Crown 	Density of
 
and Brush
 
Divide area same
 
as Land Use plot.
 
Use peak of growing
 
season. Estimate
 
% coverane by trees
 
and brush, as seen
 
in full crown.
 
LANDSAT
 
classification
 
of each 1.1 acre
 
cell.
 
(iay be filled
 
in later).
 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
4
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot # 17 X 179 
Land Use / Cover 	 Crown Density of
 
Trees and Brush
Divide area as
 
needed and code H Divide area same
 
each portion, as Land Use plot.
 
Use only codes Use peak of growing
 
from V-1 list, season. Estimate
 
plus "other - % coverage by trees
 
unclassified" and brush, as seen
 
(OU) in full crown.
 
Aspect and Slope 	 LANDSAT
 
classification 
Divide area as H H H of each 1.1 acre 
needed. Use only, cell. 
the aspects: N, I (May be filled 
NE,E,SE,S,SW,W1, in later). 
-WL (level). H H H 
timate slopes: 
0%,10%,20%, etc. H 
G H H 
Notes on data sources used in verification:
 
Notes on Droblems of location or classification of plot:
 
_Notes on introducing LANDSAT cell data and making statistical comparison:
 
ORIGINAL PAGE IS 
OF POOR QUALITY 
I 
FORM V-2' LAND USE VERIFICATION State Montana 
Quad COLSTRIP S.E. 
Plot# 16 X 79 
Land Use / Cover 
Divide area as 
needed and code 
each portion. 
Use only codes 
from V-1 list, 
plus "other -
unclassified" 
(OU) 
H 
Divide area 
Crown Density of 
Trees and Brush 
Divide area same 
as Land Use plot. 
Use peak of growing 
season. Estimate 
% coverae by trees 
and brush, as seen 
in full crown. 
Aspect and Slope 
Divide area as 
needed. Use only 
the aspects: N, 
NE,E,SE,S,SW,W, 
NW, L (level). 
Fstimate slopes: 
0%,10%,20%, etc. 
G 
__cell. 
G 
--
G 
H 
G 
HH 
B 
LANDSAT 
classification 
of each 1.1 acre 
(May be filled 
in later). 
Notes on data sources used in verification: 
Notes on problems of location or classification of plot: 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VFRIFICATION State Montana
 
Quad Colstrip
 
Plot # 32 X 156
 
Land Use /Cover Crw eniyo
 
Density of
 
Divide area as I Trees and Brush
 
_____________________________Crown 
needed and code Divide area same
 
each portion. as Land Use plot.
 
Use only codes Use peak of growing
 
from V-1 list, H season. Estimate
 
plus "other - % coverane by trees
 
unclassified" and brush, as seen
 
(OU) in full crown.
 
Aspect and Slope LANDSAT
 
classification 
Divide area as # of each 1.1 acre 
needed. Use only cell. 
the aspects: N, (May be filled 
NE,E,SE,S,SW,W, I in later). 
W, L (level). H H H 
fltimate slopes: 
0%,10%,20%, etc. 
H H H 
Notes on data sources used in verification:
 
Notes on problems of location or classification of plot:
 
ORIGINAM PAGE Ih 
OF POOR QUALTm 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot # 77 X 162 
Land Use / Cover 
Divide area as 
needed and code 
each portion. 
Use only codes 
from V-1 list, 
plus "other ­
unclassified" 
(OU) 
H 
ITrees 
Crown Density of 
and Brush 
Divide area same 
as Land Use plot. 
Use peak of growing 
season. Estimate 
% coverane by trees 
and brush, as seen 
in full crown. 
Aspect and Slope 
Divide area as 
needed. Use only 
the aspects: N, 
NE,E,SES,SW,W, 
NW, L (level). 
Estimate slopes: 
0%,10%,20%, etc. 
H 
I 
I# 
# 
H 
# 
H 
D 
# 
LANDSAT 
classification 
of each 1.1 acre 
cell. 
(flay be filled 
in later). 
Notes on data sources used in verification: 
Notes on problems of location or classification of plot: 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana
 
Quad Colstrip
 
Plot # 143 X 155
 
Land Use / Cover Crown DensYty of 
Trees and Brush 
Divide area as 
needed and code H Divide area same 
eacn portion. as Land Use plot. 
Use only codes 
from V-i list, 
Use peak of growinq 
season. Estimate 
plus "other - % coverage by trees 
unclassified" and brush, as seen 
(OH)-
aHwy. _____ __ 
in full crown. 
Asoect and Slope I ANDSAT 
classification 
Divide area as G G G of each 1.1 acre 
needed. Use only cell. 
the aspects: N, (May be filled 
NE,E,SE,S,SW,W, in later). 
# , L (level).
__rzimate slopes:
0%,10,,20%, etc. L 
G 
D 
G 
Nozes on data sources used in verification: 
Notes on oroblems of location or classification of plot: 
-.otes on introducing LANDSAT cell data and making statistical comparison: 
ORIGI LPAGE I 
OF POOR QUALITy, 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot# 48 X 140 
Land Use / Cover 
Divide area as 
Crown Density of 
Trees and Brush 
needed and code 
each portion. 
Use only codes 
from V-1 list, 
plus "other ­
unclassified" 
(OU) 
H 
H,I,$ 
Divide area same 
as Land Use plot. 
Use peak of growing 
season. Estimate 
% coverage by trees 
and brush, as seen 
in full crown. 
Aspect and Slope 
Divide area as 
needed. Use only 
the aspects: N, 
NE,E,SE,S,SW,W, 
NW, L (level). 
Estimate slopes: 
0%,10%,20%, etc. 
H # 
# 
_-----
# 
_ 
LANDSAT 
classification 
of each 1.1 acre 
cell. 
e(May be filled 
in later). 
B i 
Notes on data sources used in verification: 
Area marked H,!,j is thin and Hilly 
Notes on Droblems of location or classification of plot: 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad COLSTRIP S.E. 
.Plot # 56 X 142 
H,!
 
Land Use / Cover Crown Density of
 
Trees and Brush
Divide area as 
needed and code H Divide area same
 
each portion.H as Land Use plot.
 
Use only codes Use peak of growing
 
from V-1 list, season. Estimate
 
plus "other - % coverage by trees
 
unclassified" and brush, as seen
 
(OU) in full crown.
 
Aspect and Slope LANDSAT1 
I classification 
Divide area as ## of each 1.1 acre 
needed. Use only i cell. 
the aspects: N, I (lay be filled 
NE,E,SE,S,SW,W, iin later). 
"_, L (level). H H H 
Wtimate slopes: 
0%,10%,20%, etc. I 
SG G G 
Notes on data sources used in verification:
 
Areas marked H, !, are thin and Hilly
 
Notes on problems of location or classification of plot:
 
0tT ? Al copaisn 
Notes on introducing LANDSAT cell data and making statistical comparison: 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot # 51 X 143 
Land Use / Cover Crown Density of 
Divide area as (Trees and Brush 
needed and code H Divide area same 
each portion. 
Use only codes 
from V-i list, 
as Land Use plot. 
Use peak of growing 
season. Estimate 
plus "other ­
unclassified" 
(O) 
% coverane by trees 
and brush, as seen 
in full crown. 
Aspect and Slope 	 LANDSAT
 
classification
 
Divide area as B # of each 1.1 acre 
needed. Use only i_cell. 
the aspects: N, (May be filled
 
NE,E,SE,S,SW,W, in later).
 
NW, L (level). H H
 
Estimate slopes:
 
0%,10%,20%, etc.
 
G H
 
Notes on data sources used in verification:
 
Some thin Hilly (grass, shrub, bare soil) may account for landsat's # rating
 
Notes on problems of location or classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
a
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot # 60 X 36 
Land Use / Cover Crown Density of 
Trees and Brush 
Divide area as 
needed and code H Divide area same 
each portion. as Land Use plot. 
Use only codes Use peak of growing 
from V-1 list, season. Estimate 
plus "other ­ % coverage by trees 
unclassified" and brush, as seen 
(OU) in full crown. 
Aspect and Slope LANDSAT
 
#classification
Divide area as of each 1.1 acre
 
needed. Use only cell.
 
the aspects: N, (May be filled
 
NE,E,SE,S,SWW, # in later).
 
NW, L (level).
 
Fstimate slopes:
 
0%,10%,20%, etc.
 
Notes on data sources used in verification:
 
In area with H there is some scattered P
 
Notes on problems of location or classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
1$
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot # 62 X 46 
Land Use / Cover H Crown Density of 
Divide area as P 
Trees and Brush 
needed and code Divide area same 
each portion. as Land Use plot. 
Use only codes Use peak of growing 
from V-1 list, 
plus "other - OU 
season. Estimate 
% coverage by trees 
unclassified" and brush, as seen 
(OU) in full crown. 
Aspect and Slope LANDSAT
 
classification
 
Divide area as ## of each 1.1 acre
 
needed. Use only cell.
 
the aspects: N, (May be filled
 
NE,E,SE,S,SW,W, in later).
 
NW, L (level). # #
 
Fstimate slopes:
 
0%,10%,20%, etc.
 
# 
L# 
Notes on data sources used in verification:
 
In area with H some shrubs
 
In area marked OU - badland ­
shrubs, bare soil.
 
Notes on problems of location or classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot# 80 X 53 
Land Use / Cover Crown Density of 
Trees and'Brush
 
Divide area as
 
needed and code H Divide area same
 
each portion. as Land Use plot.
 
Use only codes Use peak of growing
 
from V-1 list, season. Estimate
 
plus "other - % coverane by trees
 
unclassified" and brush, as seen
 
(OU) in full crown.
 
Aspect and Slope I LANDSAT 
classification 
Divide area as 0 of each 1.1 acre 
needed. Use only cell. 
the aspects: N, (May be filled 
NE,E,SE,S,SW,W, in later). 
o W, L (level). # # 
Wstimate slopes: 
0%,10%,20%, etc. 
#
 #
#L 
Notes on data sources used in verification:
 
In area marked H - has Artemesia cana, Bromus japonicus, Stipa viridula, Loeleria
 
cristata.
 
Notes on problems of location or classification of plot:
 
OF pOOR QiJAIX OR1GINj pAGE 1b 
-Notes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad COLSTRIP S.E. 
Plot # 82 X 62 
Land Use / Cover Crown Density of
 
Trees and Brush
 
Divide area as
 
needed and code Divide area same
 
each portion. H as Land Use plot.
 
Use only codes Use peak of growing
 
from V-1 list, season. Estimate
 
plus "other - % coverace by trees
 
unclassified" and brush, as seen
 
(OU) in full crown.
 
Aspect and Slope LANDSAT 
classification 
Divide area as Hofeach 1.1 acre 
needed. Use only cell. 
the aspects: N, (May be filled 
NE,E,SE,S,SW,WI, 
NW, L (level). j G G in later). 
Fstimate slopes: 
0%,10%,20%, etc. G G G 
Notes on data sources used in verification:
 
Major species: Bromus japonicus, Agropyron spicatum, Artemesia cana, Koeleria
 
cristata, Yucca Tlauca.
 
Notes on problems of location or classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot # 84 x 62 
Land Use / Cover Crown Density of 
Divide area as ITrees and-Brush 
needed and code H Divide area same 
each portion. as Land Use plot. 
Use only codes Use peak of growinq 
from V-1 list, season. Estimate 
plus "other ­ % coverage by trees 
unclassified" and brush, as seen 
(OD) in full crown. 
Aspect and Slope I I LANDSAT 
I H H H classification 
Divide area as of each 1.1 acre 
needed. Use only __cell.
 
the aspects: N, (May be filled 
NE,E,SE,S,SW,W, I in later). 
N, L (level). G P P 
stimate slopes:
 
0%,i0%,20%, etc.
 
G iG G 
Notes on data sources used in verification: Major species Bromus japonicus, Calamarilfa 
longifolia, Agropynou spicatum, Koeleria cristata, Yucca glanca.
 
Notes on problems of location or classification of plot:
 
ORIGINAL PAGE Ml 
OF POOR QUAIfl 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
*
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip S.E. 
Plot# 91 x 61 
Land Use / Cover 	 Crown Density of
 
Trees and Brush
Divide area as
 
needed and code 	 H 
 Divide area same
 
each portion. as Land Use plot.

Use only codes Use peak of growing

from V-1 list, season. Estimate
 
plus "other - % coverane by trees
 
unclassified" P and brush, as seen
 
(OU) 
 in full crown.
 
Aspect and Slope 	 LANDSAT
 
classification
 
Divide area as 
 G G G of each 1.1 acre 
needed. Use only 	 cell.
 
the aspects: N, 	 (May be filled
 
NE,E,SE,S,SW,14, 
 in later).

NW, L (level). 	 G H G
 
Estimate slopes:
 
0%,10%,20%, etc.
 
H # P 
Notes on data sources used in verification: In area marked P - Rhus trilobata-also 
found. 
Notes on problems of location or classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
S3
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot # 12 x 133 
Land Use / Cover Crown Density of
 
and Brush
ITrees
Divide area as 
needed and code Divide area same
 
each portion. as Land Use plot.
 
Use only codes Use peak of growing
 
from V-1 list, season. Estimate
 
plus "other - % coverane by trees
 
unclassified" and brush, as seen
 
(OU) A in full crown.
 
Aspect and Slope I LANDSAT 
classification
 
Divide area as I of each 1.1 acre 
needed. Use only i cell. 
the aspects: N, (May be filled
 
NE,E,SE,S,SW,W, in later).
 
V, L (level). # # 
timate slopes: 
0%,10%,20%, etc.
 
H

_ _H 
Notes on data sources used in verification: In area marked !,H,# some Juniperus
 
scopulorum found.
 
Notes on problems of location or classification of plot: ORIGINAL PAGE IR
OF POOR QUALIT 
totes on introducing LANDSAT cell data and making statistical comparison: 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip S.E. 
Plot# 13 x 79 
Land Use / Cover 
Divide area as 
needed and code 
each portion. 
Use only codes 
from V-1 list, 
plus "other ­
unclassified" 
(OU) 
p,t 
/Trees 
H 
Crown Density of 
and Brush 
Divide area same 
as Land Use plot. 
Use peak of growinq 
season. Estimate 
% coverane by trees 
and brush, as seen 
in full crown. 
Aspect and Slope 
Divide area as 
needed. Use only 
the aspects: N, 
NE,E,SE,S,SW,11, 
NW, L (level). 
Fstimate slopes: 
0%,10%,20%, etc. 
# 
# # 
G 
LANDSAT 
classification 
of each 1.1 acre 
cell. 
(May be filled 
in later). 
Notes on data sources used in verification: 
Notes ?n'.prdblemiof location or classification of plot: 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot# 19 x 73 
Land Use / Cover Crown Density of
 
jTrees and Brush
Divide area as 
needed and code Divide area same
 
each portion. as Land Use plot.
 
Use only codes Use peak of growing
 
from V-1 list, season. Estimate
 
plus "other - % coverane by trees
 
unclassified" and brush, as seen
 
(OU) in full crown.
 
Aspect and Slope LANDSAT 
classification 
Divide area as p of each 1.1 acre 
needed. Use only cell. 
the aspects: N, (May be filled 
NE,E,SE,S,SW,W, in later). 
Vs, L (level). P " 
stimate slopes: 
0%,10%,20%, etc. 
G H 
Notes on data sources used in verification: Mined now, ranpe on 1970 photos.
 
Notes on oroblems of location or classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
ThPAGEORIGINAL 
OF pOOR QUALITY 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip S.E. 
Plot # 18 x 73 
Land Use / Cover Crown 	Density of
 
and Brush
jTrees

Divide area as 
needed and code H Divide area same 
each portion. as Land Use plot. 
Use only codes Use peak of growing 
from V-1 list, season. Estimate 
plus "other - % coverage by trees 
unclassified" and brush, as seen 
(OU) in full crown. 
Aspect and Slope 	 LANDSAT
 
classification
 
Divide area as P of each 1.1 acre
 
needed. Use only cell.
 
the aspects: N, (flay be filled
 
NE,E,SE,S,SW,W, in later).
 
NW, L (level). p P
 
Fstimate slopes:
 
0%,10%,20%, etc.
 
,Notes on data sources used in verification: Mined now.
 
Notes on problems of location or classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana
 
Quad Colstrip
 
Plot# 63 x 81 
.RR _ _ _ _ _ _ _ _ _ _ 
C
 
Land Use / Cover 0 	 Crown Density of
 
Trees and Brush
H
Divide area as 

needed and code Divide area same
 
each portion. as Land Use plot.
 
Use only codes P Use peak of growinq
 
from V-1 list, season. Estimate
 
plus "other - % coverage by trees
 
unclassified" and brush, as seen
 
(OU) 	 in full crown.
 
Aspect and Slope I 	 LANDSAT! 	 classification
 
Divide area as of each 1.1 acre
 
needed. Use only 
 __cell.
 
the aspects: N, (May be filled
 
NE,E,SE,S,SW,W, in later).

# 	 P#j , L (level). 
..Wstmate slopes: 
0%,10%,20%, etc. 
H 	 # 
Notes on data sources used in verification: RR = railroad 
Notes on problems of location or classification of plot:
 
"ORIGINAL 'PAGE 16 
OF POOR QUALMI 
jNotes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana
 
Quad Colstrip
 
Plot # 66 x 83 
Land Use / Cover 	 I Crown Density of 
D e aTrees and Brush 
Divide area as
 
needed and code ou 	 Divide area same
 
each portion. as Land Use plot.
 
Use only codes Use peak of growing
 
from V-i list, season. Estimate
 
plus "other - % coverane by trees
 
unclassified" H and brush, as seen
 
(OU) 	 in full crown.
 
Aspect and Slope f LANDSAT 
classification 
Divide area as P p p of each 1.1 acre 
needed. Use only cell. 
the aspects: N, (May be filled 
NE,E,SE,S,SWW, 
NW, L (level). I 
in later). 
Fstimate slopes: 
0%,10%,20%, etc. 
# # 
Notes on data sources used in verification: OU is badland (shrub, grass, baresoil),
 
Notes on problems of location or classification of plot:
 
* 
Notes on lntroducing LANIDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot # 76 x 90 
Land Use / Cover Crown Density of
 
ITrees and Brush
Divide area as 

needed and code H Divide area same
 
each portion. as Land Use plot.
 
Use only codes Use peak of growing 
from V-1 list, season. Estimate 
plus "other - % coverane by trees 
unclassified" and brush, as seen
 
(OU) P in full crown.
 
Aspect and Slope LANDSAT 
classification 
Divide area as G G G of each 1.1 acre 
needed. Use only 
the aspects: N, I cell. (May be filled 
iE,E,SE,S,SW,WI, 
iW, L (level). G G # 
in later). 
!stimate slopes: 
)%,10%,20%, etc. 
G H H 
Notes on data sources used in verification:
 
Notes on problems of location or classification of plot:
 
_Nntes on introducing LANDSAT cell data and making statistical comparison: 
ORIGINAL PAGE IS
 
OF POOR QUAL1Tr 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot # 19 x 91 
Land Use / Cover Crown Density of
 
and Brush
ITrees
Divide area as 
needed and code # Divide area same
 
each portion. as Land Use plot. 
Use only codes Use peak of growing 
from V-1 list, season. Estimate 
plus "other - % coverane by trees 
unclassified" and brush, as seen 
(OU) in full crown.
 
Aspect and Slope LANDSAT 
Divide area as ## 
classification 
of each 1.1 acre 
needed. Use only I cell. 
the aspects: N, (May be filled 
NE,E,SE,S,SW,11, i G in later). 
NW, L (level). H G 
Fstimate slopes: 
_----- | 
0%,10%,20%, etc. 
Notes on data sources used in verification: This area is "reclaimed", plated to
 
grasses and forbs.
 
Notes on oroblems of location or classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot# 68 x 92 
Land Use / Cover 	 Crown Density of 
Trees and BrushI
Divide area as 
Divide area same
needed and code 	 H 

as Land Use plot.
each portion. 

Use peak of growing
Use only codes 

season. Estimate
from V-1 list, 

% coveraoe by trees
plus "other ­
and brush, as seen
unclassified" 

in full crown.
(OU) 

Aspect and Slope ILANDSAT 
classification 
Divide area as # H H of each 1.1 acre 
needed. Use only 
the aspects: N, 
NE,E,SE,S,SW,W, 
0W, L (level).
Estimate slopes: 
H P P 
cell. 
(May be filled 
in later). 
0%,10%,20%, etc. 
G G G 
Notes on data sources used in verification:
 
Notes on nroblems of location or classification of plot:
 
__otes on introducing LANDSAT cell data and making-statistical comparison:
 
o I?AGSb 
OGVOS A3 
_________ ________ 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot # 72 x 99 
Land Use / Cover Crown Density of
 
Trees and BrushH
Divide area as 

needed and code 
 Divide area same
 
each portion. as Land Use plot.

Use only codes H Use peak of growing

from V-i list, season. Estimate
 
plus "other - % coverane by trees 
unclassified" and brush, as seen 
(OU) in full crown. 
Aspect and Slope LANDSAT 
Divide area as H H H 
classification 
of each 1.1 acre 
needed. Use only cell. 
the aspects: N, 
NE,E,SE,S,SW,W, 
NW, L (level). H H H 
(May'be filledMinlater). 
Estimate slopes: -
0%,10%,20%, etc.
 
H H H
II_ ______ 

Notes on data sources used in verification:
 
Notes on oroblems of location or classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
9.3
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot # 67 x 100 
Land Use / Cover H Crown Density of 
Divide area as ITrees and Brush 
needed and code Divide area same 
each portion. 
Use only codes 
from V-1 list, 
as Land Use plot. 
Use peak of growinq 
season. Estimate 
plus "other -
unclassified" 
(OU) 
% coverage by trees 
and brush, as seen 
in full crown. 
Aspect and Slope LANDSAT 
classification 
Divide area as H H H of each 1.1 acre 
needed. Use only cell. 
the aspects: N, 
NE,E,SE,S,SW,0, 
W , L (level). H H 
(May be filled 
in later). 
stimate slopes: 
0%,10%,20%, etc. 
--
-
H 
Notes on data sources used in verification: In area - major species: Melitotus 
officirale, Andropoqon scopanius, Bromus tectorura japonicus. 
Notes on problems of location or classification of plot:
 
_Notes on introducing LANDSAT cell data and making statistical comparison:
 
ORIGINAL PAGE IS 
OF POOR QUALITY 
If 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip S.E. 
Plot # 78 x 125 
Land Use / Cover Crown Density of 
Divide area as H, 
Trees and Brush 
needed and code Divide area same 
each portion, as Land Use plot. 
Use only codes Use peak of growing 
from V-1 list, season. Estimate 
plus "other - % coveraoe by trees 
unclassified" and brush, as seen 
(OU) in full crown. 
Aspect and Slope LANDSAT
 
classification 
Divide area as # of each 1.1 acre 
needed. Use only cell. 
the aspects: N, (May be filled 
NE,E,SE,S,SW,W, in later). 
NW, L (level). 
Estimate slopes: __ 
0%,10%,20%, etc. I 
Notes on data sources used in verification: Thin hilly range site: grasses, shrubs,
 
baresoil.
 
Notes on problems of location or classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana
 
Quad Colstrip
 
Plot # 11 x 130
 
Land Use / Cover 
Divide area as 
H, 
Divie ara asTrees 
Crown Density of 
and Brush 
needed and code Divide area same 
each portion. as Land Use plot. 
Use only codes Use peak of growinq 
from V-1 list, season. Estimate 
plus "other ­ % coverage by trees 
unclassified" H and brush, as seen 
(OU) in full crown. 
Aspect and Slope I LANDSAT 
classification 
Divide area as # H of each 1.1 acrecell.
H 

needed. Use only 

the aspects: N, (lay be filled
 
NE,E,SE,S,SW,W, in later).
 
9, L (level).
 
Ptimate slopes:
 
0%,10%,20%, etc.
 
H H
 
Notes on data sources used in verification: Area marked H,{,/ is thin and hilly.
 
Notes on problems of location or classification of plot: ORIGINAL PAGE IS 
OF POOR QUALITY
 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip S.E. 
Plot # 114 x 126 
Land Use / Cover Crown Density of
 
Trees and BrushH
 as
Divide area 

needed and code Divide area same
 
each portion. as Land Use plot.

Use only codes Use peak of growing
 
from V-1 list, season. Estimate
 
plus "other - % coverage by trees
 
unclassified" and brush, as seen
 
(OU) in full crown.
 
Aspect and Slope LANDSAT 
classification 
Divide area as G of each 1.1 acre 
needed. Use only 
_ cell. 
the aspects: N, (May be filled 
NE,E,SE,S,SWW, 
NW, L (level). # H 
in later). 
Estimate slopes: 
___ 
0%,10%,20%, etc. 
Notes on data sources used in verification: Area includes Antemesia cana.
 
Notes on Droblepslofflocation or classification of plot: 
IonInt'koducin ., I c dt'DT 

Notes on introducing LANOSAT cell data and making statistical comparison: 
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FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot # 116 x 130 
Land Use / Cover Crown Density of
 
aC Trees and Brush
Divide area as
 
needed and code Divide area same
 
each portion, as Land Use plot.
 
Use only codes Use peak of growing
 
from V-1 list, season. Estimate 
plus "other - % coveraoe by trees 
unclassified" and brush, as seen 
(Ou) OU infull crown. 
Aspect and Slope LANDSAT 
classification 
Divide area as : of each 1.1 acre 
needed. Use only 
the aspects: N, 
NE,E,SE,S,SW,W, I 
cell. 
(May be filled 
in later). 
0,, L (level).stimate slopes: 
: 
0%,10%,20%, etc. 
Notes on data sources used in verification: Area marked OU is coulee. Species;
 
Stipa viridula Agropyrow smithi, Agropyro cristatum, Melilotus officinale.
 
Notes on Problems of location or classification of plot:
 
9lotes on introducing LANDSAT cell data and making statistical comparison:
 
ORIGINAL PAGE IS
 
OF POOR QUALI
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip S.E. 
Plot # 76 x 131 
Land Use / Cover Crown Density of 
Divide area as H, Trees and 
Brush 
needed and code Divide area same 
each portion. as Land Use plot. 
Use only codes Use peak of growinq 
from V-1 list, season. Estimate 
plus "other ­ % coverage by trees 
unclassified" and brush, as seen 
(OU) in full crown. 
Aspect and Slope LANDSAT
 
classification
 
Divide area as of each 1.1 acre
 
needed. Use only cell.
 
the aspects: N, (May be filled
 
NE,E,SE,S,SW,W, in later).
 
NW, L (level). #
 
Fstimate slopes:
 
0%,10%,20%, etc.
 
Notes on data sources used in verification: Thin hilly range site: shrubs, grasses,
 
bare soil.
 
Notes ojE problems of location or classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison:
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FORM V-2 LAND USE VERIFICATION State Montana
 
Quad Colstrip
 
Plot # 104 x 144 
-i 
Land Use / Cover 	 Crown Density of
 
Trees and Brush
Divide area as
 
needed and code 
 Divide area same
 
each portion. as Land Use plot.

Use only codes Use peak of growinq

from V-1 list, season. Estimate
 
plus "other - % coverane by trees
 
unclassified" and brush, as seen
 
(OU) in full crown.
 
Aspect and Slope 	 LANDSAT
 
classification
 
Divide area as # # H of each 1.1 acre
 
needed. Use only cell.
 
the aspects: N, (May be filled
 
NE,E,SE,S,SW,W, 	 in later).

0W, L (level). 	 H H G 
stimate slopes:
 
0%,10%,20%, etc.
 
H HH 
_ 
_ 
Notes on data sources used in verification: Agropyron cristatum
 
Notes on oroblems of location or classification of plot: oT 	rOCiA-Q' 
_Notes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip 
Plot # 105 x 139 
Land Use / Cover H 	 Crown Density 
Trees and Brus-
Divide area as 

needed and code Divide area s-e
 
each portion. as Land Use Di];.
 
Use only codes Use peak of or-winq
 
from V-1 list, season. Esz-=te
 
plus "other - % coveraoe by :rees 
unclassified" H and brush, as seen 
(OU) 	 in full crown. 
Aspect and Slope LANDSAT 
classification 
Divide area as i H H of each 1.1 acre 
needed. Use only cell. 
the aspects: N, (May be fillec 
NE,E,SE,S,SN,W, H in later). 
NW, L (level). H H 
Fstimate slopes: 
0%,10%,20%, etc. 
H H H 
Notes on data sources used in verification: Upper left H - planted Agropyron smi-hii. 
Area: is Medicago sativa. Other H's Artemesia cana, Bromus tectorum, aponicus 
Y '. 
Notes on Droblems of l6catlonor classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION State Montana 
Quad Colstrip S.E. 
Plot # 123 x 64 
Land Use / Cover Crown Density of
 
Trees and BrushH
Divide area as 

needed and code Divide area same
 
each portion. as Land Use plot.
 
Use only codes Use peak of growinq
 
from V-1 list, season. Estimate
 
plus "other - % coverane by trees
 
unclassified" and brush, as seen
 
(OU) in full crown.
 
Aspect and Slope LANDSAT 
classification 
Divide area as G G P of each 1.1 acre 
needed. Use only
the aspects: N, 
cell. (May be filled 
NE,E,SE,S,SW,W, 
j, L (level). G G P 
in later). 
timate slopes: _D 
0%,10%,20%, etc. 
Notes on data sources used in verification: Major species Bromus tectorum, Bromus
 
japonicus, Melilotus officinale, Calomavilfa longifolia, Rhus trilobat=a, Stipacomata.
 
Notes on oroblems of location or classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
ORIGINAL PAGE I 
OF, POOR QUALITY 
FORM V-2 LAND USE-VERIFICATION State Montana 
Quad Colstrip S.E. 
Plot # 109 x 152 
Land Use / Cover H, , Crown Density of 
Trees and Brush 
Divide area as 
needed and code Divide area same 
each portion. 
Use only codes 
from V-1 list, 
H!, 
as Land Use plot. 
Use peak of growing 
season. Estimate 
plus "other ­
unclassified"(ou) 
H 
Jin 
% coverage by trees1 
and brush, as seen 
full crown. 
(OU) DitRoad"I 
Aspect and Slope I LANDSAT 
Divide area as D eH H H G classificationof each 1.1 acre 
needed. Use only I cell. 
the aspects: N, 
NE,E,SE,S,SW,W, 
NW, L (level). H H G 
(May be filled 
in later). 
Estimate slopes: 
__ 
0%,10%,20%, etc. 
H H G 
Notes on data sources used in verification: Area marked H,!,t is thin and hilly. This
 
area had species:Rhus tribbata, Agropyron spicatum, Calamuvilfa longifolia. Area
 
marked H,! had: Artemesia cana, Stipa comata, Stipa viririia., Bromus tectorum japonicus,
 
Poa 
-pp-

Notes on problems of location or classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
FORM V-2 LAND USE VERIFICATION 	 State Montana
 
Quad Colstrip
 
Plot# 68 x 74 
Highway 
H B 
Land Use / Cover Crown Density of 
Divide area as Trees and Brush 
needed and code Divide area same 
each portion. B as Land Use plot. 
Use only codes B Use peak of growing 
from V-I list, season. Estimate 
plus "other - % coverane by trees 
unclassified" and brush, as seen 
(OU) in full crown. 
Aspect and Slope 	 LANDSAT
 
classification 
Divide area as H C C of each 1.1 acre 
needed. Use only cell. 
the aspects: N, (May be filled 
NE,E,SE,S,SW,W, in later). 
NW, L (level). B B B 
Itimate slopes: 1 
0%,10%,20%, etc. 
BBB 

Notes on data sources used in verification: Area marked B had wheat. Area marked H had
 
Bromus japonicus, tectorum, Calamajilfa longifolia, Melilotus officinale, Yucca qlauea,
 
Artemesia cana.
 
Notes on problems of location or classification 	of plot:
 
ORIGINAL PAGE Tb 
OF POOR QUALIT 
Notes on introducing LANDSAT cell data and making statistical comparison: 
__ 
,bq 
FORM V-2 LAND USE VERIFICATION State Montana
 
Quad Colstrip S.E.
 
Plot# 29 x 86 
I1 
Land Use / Cover 	 Crown Density of
 
Trees and Brush
Divide area as 
needed and code 
 H! 	 Divide area same
 
each portion. as Land Use plot.

Use only codes Use peak of growing

from V-1 list, season. Estimate
 
plus "other -H % coverage by trees 
uncl assi fied" and brush, as seen (OU) in full crown. 
Aspect and Slope 	 LANDSAT
 
classification
 
Divide area as # of each 1.1 acre
 
needed. Use only cell.
 
the aspects: N, (May be filled
 
NE,E,SE,S,SW,W, in later).
 
NW, L (level). # #
 
Fstimate slopes:
 
0%,I0%,20%, etc. I
 
_ 
Notes on data sources used in verification:
 
Notes on problems of location or classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison:
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1.0 	 Project Areas:
 
1.1 	 The four quadrangles (Santa Fe, Guadalupe Mountain, Questa,
 
and Taos) selected by the New Mexico Land Use Survey team
 
are shown in Figure 1. Each of the quadrangles is located
 
on a 1:1 million scale map of north central New Mexico; the
 
double lined Santa Fe quadrangle represents the principal
 
test site.
 
1.2 	 The northern New Mexico location for this study is mainly
 
in the Southern Rocky Mountain division and the Mexican
 
Highland section of the Basin and Range Province. Mountains
 
are forested and valleys are brush covered with a scatter of
 
pinyon and juniper. A scattered population inhabits this
 
rural area and only in the Santa Fe quadrangle, which con­
tains the city of Santa Fe, is there a large concentration
 
of people. Valley agriculture and grazing dominate the
 
region with mining and forestry being important locally.
 
Land ownership or management responsibility is under the
 
control of the U.S. Forest Service, Bureau of Land Manage­
ment, several northern Indian pueblos and private individuals.
 
In selecting the quadrangles an effort was made to focus on
 
one of several characteristics within the region.
 
The following quadrangle selections were made:
 
Santa Fe quadrangle is an urban area at the base of the
 
Sangre de Cristo Mountains and contains the city of Santa
 
Fe. Planning activity for the city and county is directed
 
towards a better understanding of the diverse growth
 
problems in the area and towards response to development
 
requests.
 
Taos quadrangle contains agriculture and commercial forests.
 
Site selection was directed towards timber type classifica­
tion and small irrigated field identification.
 
IZOAGO IG L
,-- -------- .-- - - -- ----- -. -°- - -­
.. QUESTA QUADRANGLE
 
'
' 
" ~QUADRANGLE N-GUADALUPE -- MOUNTAINr 
-
" ___ A. Mj I' A , 
S SNT1E QTAOS QUADRANGLE 
C; " " V g 
__ - __M _.__- -. ____--__ _ ,_ ___ ___ , __ ___.. 
-
,fii,./ r 4 a' .Z io\i 2' / y <I$A 
-- --/-- rj - >, "- . 
47 
S-a. +0 .0 I 
3 ~' +- -- -ANAFEQUDANL 
SNAFEPOQUALITYGL
2S ONA

'+i,.II - i i 1W ,jr OF'hOO4qUALIT 
~~ORIIGINAI 1GE§ §±.j7§ j 16t 
Questa and Guadalupe Mountain are adjacent to one another
 
and represent extensive sage grazing lands, a large molyb­
denum open pit mine with related mill and settling ponds,
 
as well as diverse commercial timber stands. The Bureau
 
of Land Management, the manager of much of the sage graz­
ing land, provided assistance in the training site selec­
tion and expert field analysis for the Landsat classifica­
tion of the Guadalupe Mountain Quadrangle.
 
1.3 The city of Santa Fe lies within the center of the Santa Fe
 
Quadrangle. Topographically, the quadrangle is bounded on
 
the on the east by the steep-sloped Sangre de Cristo Moun­
tains; and with rolling hills to the north, west and south.
 
The city lies within, and to the south, of the Santa Fe
 
River flood plain, a gently sloping valley. Topographic
 
relief is great, within 10 miles the elevation drops from
 
8500 feet in the east to 6500 feet in the southwest. The
 
urban area is being constantly studied by city planners
 
for the best land use. Strong population and development
 
pressures are being applied to an area of limited resources.
 
Slopes within the urban area vary from less than 5% to over
 
15%. Water is supplied primarily through wells but an in­
creasing emphasis is being placed on reservoirs along the
 
Santa Fe River. Many of the soils have high shrink and swell
 
characteristics and low permeability which impairs the devel­
opment of an area without help from city utilities and proper
 
foundation development. Development over arroyos increases
 
the flood hazard problem and efforts to combat such devel­
opment are being built into city zoning guidelines.
 
The Santa Fe City Planning Department uses much of the exist­
ing soils, census, geology, flood and topographic data.
 
Large scale aerial photography is routinely applied to problems
 
in development requests. Although all of these data are being
 
used, a method for constant evolution and updating is desirable.
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2.0 	 Land Use/Cover Classification:
 
2.1 	All classifications from Landsat data were the result of
 
training site descriptions provided by the field investi­
gators. The site classifications as portrayed in the field
 
were considered to be Level III or greater in the USGS
 
recommended classification system (USGS, 1976). These
 
could then be aggregated into Levels I or II of the system.
 
The investigators felt there should be a strong association
 
with the USGS recommended system since the amount of federal
 
land in New Mexico is extensive and a single classification
 
system would improve the value of data generated within the
 
state.
 
2.2 	 Landsat data and its resolution provide adequate information
 
for regional studies but our view is that it is not sufficient
 
for fine-grained land use planning questions typical of
 
isolated sites or small cities such as Santa Fe. The avail­
able detail is acceptable for large area, range or forest
 
classification at 1:24,000 or smaller scale.
 
The accuracy of classification was good at Level I and to
 
some degree Level II, but in urban areas which demand greater
 
levels of classification (Level III or more), the accuracy
 
fell off dramatically. City planning now requires large
 
scale photography of 1:6,000 or 1:12,000. This kind of data
 
requirement can not currently be met by Landsat. Verifica­
tion of data indicated that Landsat classification accuracy
 
improved with aggregation of classes. Within the urbanized
 
area 	of Santa Fe Level II classifications averaged 70%
 
correct for residential, 50% for industrial/commercial,
 
75% for evergreen and 55% for shrubland. Had further refin­
ments been made on the quadrangle and its classes it is felt
 
the % accuracy for Level II would have increased significantly.
 
Successful classification was restricted to Levels I and II.
 
An example of the inaccuracies of classification in our prime
 
4
 
test site was the association of winterfat, a shrub having
 
high grazing value, with all classes of residential and
 
non-residential land use. Again, had there been further
 
refinement of classifications, this particular class may
 
have 	been aggregated, increasing the accuracy of the final
 
output.
 
For larger areas, such as grazing or timber lands,,. Landsat
 
is more than adequate to meet current needs for classifica­
tion 	accuracy. Typical land management requirements of state
 
and federal agencies are 40 acre to 640 acre cell sizes.
 
Under these requirements, Landsat data can be valuable if all
 
the requirements of data availability and turn-around time
 
are met.
 
2.3 	 Generally, the more information available, the better the
 
classification. Knowing soil, slope and elevation helps to
 
separate the ground cover classes more accurately. Knowing
 
that sagebrush or winterfat will probably not occur in urban
 
areas in amounts great enough to be detected, leads to the
 
interpreter to seek other surrogates for assistance in
 
classifying land use in these instances. The most useful
 
supplementary data for assistance in improving classification
 
and verification in the Santa Fe Quadrangle was the aerial
 
imagery available from the City Planning Department. This
 
served no value in compositing the land cover results, but
 
proved quite valuable in locating errors during verification
 
and training site delineations.
 
2.4 	Within large non-urban areas there may be more than one land
 
use applied to a parcel of land. In order to correctly
 
classify the parcel, other sources of information must be
 
used in conjunction with the land cover. Our experience has
 
shown, for example, that the category "grazing land" may in
 
fact be classified as open grass, sage, timber or very rocky
 
land. Satellite classifications are adequate to assist cover
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type classification, but the actual land use for each cover
 
type must be overlayed. For urban areas, the land use
 
becomes more complex and difficult to assign; and only,
 
through the use of aerial photography or field checks can
 
these land uses be identified.
 
A particularly difficult category for automated classification
 
was that of low density housing. A density level of one house
 
per 2 acres of land on the fringes of the city is not separable
 
from adjacent undeveloped countryside. Neither are parks and
 
institutions easily separated in the Santa Fe test quadrangle.
 
In one 	instance a grove of trees within the grounds of an
 
older institution was accurately classified as an orchard,
 
but for tax purposes the land use is classed as institutional.
 
In order to relate cover mapping with land use, an overlay,
 
in composite map form, can be assigned to each area or point.
 
This newly generated base map would then be useful for change
 
detection, one of the more important aspects in city planning.
 
Change detection is performed by superimposing past (verified)
 
land use and cover classifications onto new ones.
 
3.0 Landsat Data Utilization:
 
3.1 Training Site Selection:
 
3.1.1 	 Ground truth acquisition for determination of training sites
 
was accomplished using recent 1:15,840 color photos from
 
the Forest Service and 1:12,000 black and white photos from
 
the Santa Fe City Planning Department. Use of the photos in
 
the field provided sites of varying cover types and densities.
 
All sites were then recorded on 7k' quadrangle sheets using
 
a zoom transfer scope. All training sites were described
 
by slope, vegetative cover, density, type and any other
 
relevant factors such as medium density residential or older,
 
dense commercial. Large scale aerial photography was not
 
necessary but was most expedient in the delineation of sites.
 
Without its use, more field time would have been necessary.
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No color infrared photography was available for site
 
selection.
 
Adequate caracterization of the land cover was a problem.
 
For proper classification of a spectral response, all
 
training sites should be shown both in their most homogene­
ous (ideal) state as well as under borderline conditions.
 
If training sites are too general, descrimination will be
 
diminished. The two northernmost quadrangles contained
 
large acreages of sagebrush so an effort was made to sepa­
rate three sub classes: (a) (b) (c). Only one of these
 
was successfully discriminated; the remaining two inter­
spersed with other cover types.
 
Figure 	2 shows the Questa Quadrangle with training sites
 
delineated and numbered. The training sites were used to
 
provide spectral responses for each of the classes as defined
 
in the 	field. The responses (from all four quadrangles)
 
were then used to key all data for each of the quadrangles.
 
Figure 3 lists several of the training sites as coded in the
 
field.
 
3.1.2 	Field time is expensive so an effort was made to keep it to
 
a minimum. The Bureau of Land Management provided field assis­
tance in selecting training sites for the Guadalupe Mountain
 
Quadrangle. This not only provided expert assistance, but
 
helped to reduce direct costs to the project. Twenty-one
 
man-days were required in the determination of 47 sites for
 
32 classes within four quadrangles (Table 1). The number of
 
days shown in Table 1 will vary according to the travel
 
required to the quadrangle, level of classification desired,
 
terrain and experience of the field investigation team.
 
3.1.3 	 Standardization of ground truth procedures must be established
 
if other organizations and personnel are expected to use and
 
understand classification results. It can be assumed the
 
field investigation team will be knowledgeable of the plant
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FIGURE 2. Questa Quadrangle with training
 
sites delineated and numbered. 
ORIGINAL PAGE I 
\. C;.EPANT Or 
- CEOL OICALSU £v t 
OF POOR QUALITY *r.. , , -E 
-,L. .. , , 
- 71-
I--I 
-1- ,'. - ..LI)P 
Vl' ' ' - " -;-
NI-., 

.-.
 
-4,K. 
[4. coY' 
° i t,)-'
.
-
-. t2 . ",.. " r : . -;L 
'LL - r_ N< 
"-K-­-z - WMTA
- - - -. 

Figure 3. 	Land cover test site key for sites
 
4 through 7.
 
Site #4
 
Name: Native sagebrush, fair condition.
 
Species: Blue grama (45%), sagebrush (45% making seed), western wheat
 
(5%, seed ripe), squirrel tail/snake weed/cactus (5%).
 
Photo Location: Looking east from road toward Guadalupe mountain.
 
Site #5
 
Name: Native 	sagebrush, fair to poor condition.
 
Transect No: 04153
 
Species: Sagebrush (60%) western wheat (10%) blue grama (25% seed ripe),
 
cactus/snakeweed (5%). Vigor poor. Ground cover: Approx. 20%.
 
Site #6
 
Name: Pinon/juniper site.
 
Transect: 09132
 
Species: Ground cover on 09132 plus, snake weed, sagebrush, prickly pear,
 
cactus and crested wheat. Tree species 70% pinon and 30% juniper
 
(both species present).
 
Slope: 10-60% slope, south aspect slopes toward east end. The steeper
 
the slope the more bare ground and higher percent juniper.
 
Other: Most pinon 4-6 inches in diameter.
 
Site #7
 
Name: Mixed 	conifer.
 
Plot No: PFL 112
 
Lower End of Plot: 	 50% juniper, 10% pinon, 20% douglas fir and 20%
 
ponderosa pine trees of immacure pole and sapling
 
size. Crown density varies from 10-40% site has
 
20% bare ground 40% litter and 40% grasses (good
 
specie diversity).
 
Upper end of site: 	 50% ponderosa pine, 25% douglas fir and 25% juniper
 
(primarily Rocky mountain juniper)
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TABLE 1
 
QUADRANGLE 
FIELD TIME 
PEOPLE DAYS 
LABORATORY TIME 
PEOPLE DAYS 
Questa 2 2 1 2 
Guadalupe Mt. 
Santa Fe 
3 
1 
2 
2 
1 
1 
1 
2 
Taos 1 2 1 2 
species and the environment of the test site. But, the
 
team may not be knowledgable in the process of site selection,
 
determination of classes in the field, or verification of the
 
data. Under these conditions there is a need for training.
 
Case-studies may provide some of the necessary guidance.
 
Through the selection of several studies within environments
 
of a similar nature, such as range condition, surface mining,
 
agriculture (irrigated or dry farmed) or urban, a step by
 
step approach can be followed. Providing flexibility in
 
the case studies and assuming that the number of classes and
 
sites will vary according to the needs of the project, the
 
field time should be reduced and site criteria and solutions
 
should be more uniform.
 
3.2 Verification of Landsat Mapping:
 
3.2.1 Detailed verification of the Landsat data was performed only
 
for the Santa Fe Quadrangle. An overlay of random points
 
provided by Colorado State University was superimposed on the
 
entire quadrangle. More than 300 points were transferred
 
from the overlay to the map base. The map and points were
 
then overlayed on a light table with the Landsat classifica­
tions, as determined by the training sites. The classifica­
tion for nine cells, centering on each random point were then
 
checked against cover types or land uses observed on large
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scale 1975 aerial photography.
 
The "V" forms provided for verification of a 9 pixel rec­
tangle 	were quite useful in comparing the land cover results
 
from Landsat with those derived from the large scale photos.
 
Other "V" form categories were not useful except when a de­
tailed 	follow-up was going to be performed on inaccurately
 
classified pixels. Not all of the 300 points were checked
 
using the "V" forms. Many pixels classified within the
 
urban area were consistant in their accuracy or inaccuracy.
 
These could then be rapidly checked visually without spending
 
the time of filling out a "V" form.
 
The difference between the season of training site selection
 
(September) and that of the Landsat classification (May/Nov­
ember) 	did provide some problems in plant cover spectral
 
response. During the field trip to the Santa Fe Quadrangle,
 
the vegetation was dominant grass--rubber rabbit bush--and
 
pinyon. During the Landsat overpasses the snakeweed was in
 
bloom and a very strong response masked those from the other
 
species. This effected nearly all classes in the rural and
 
city margins of the quadrangle. This classification problem
 
could not be dealt with through the use of aerial photos, but
 
required field time in specific areas. Questions arose, pri­
marily on vegetation type, which could not be answered without
 
a field visitation.
 
3.2.2 	Verification using the random plot analysis provided a more
 
than adequate sample for determining confidence in the clas­
sification. More than 300 verification plots were marked
 
and 103 of these were visited. For confidence in the clas­
sification there was no need to field check such a large
 
number of points, but in selected areas of many questionable
 
classifications they were most useful. Transitional zones in
 
the classification did not follow with field investigations,
 
such as the strong response from snakeweed masking the sparse
 
pinyon-grass classes. These required on-site inspections.
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Random sample points within the sparse pinyon-grass classes
 
provided sites for field visitations and helped in under­
standing the transitional zone problem.
 
3.2.3 	Appendix number one contains a sample set of "V" forms.
 
3.3 Landsat as a Survey Tool:
 
3.3.1 	Analysis of data during this study was curtailed due to
 
limited product outputs. Nevertheless, there is ample
 
evidence for successful classification of land cover by
 
satellite if the number of classes is restricted and the
 
land area is large.
 
The accuracy in classifying at a one acre level within an
 
urbanized area such as Santa Fe is difficult and limited
 
in its success. At present the concensus is that aerial
 
photos provide more data at less cost for more land use
 
decisions than can be gained from this form of Landsat
 
analysis. Landsat classification accuracies improve with
 
distance from the urban environment.
 
Landsat data are best applied in the larger areas of little
 
or no development, where the land use is not complex. Such
 
areas are extensive in the state and are an important
 
management activity well within the scope of current and
 
planned satellites. Such areas in New Mexico are primarily
 
federally managed and heavy state reliance will be placed
 
on mapping of land use by these agencies. At best interpre­
tation 	of aerial photos now runs more than $1.00 per square
 
mile for vegetation mapping (not counting the cost of photo
 
acquisition). To perform this on a seasonal or annual basis
 
without satellite data would be prohibitive.
 
The greatest value in using satellite data appears to lie in
 
large area mapping where 40 acre or larger cells can be
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employed as the minimum mapping area, and where the emphasis
 
is on regional planning decisions
 
4.0 Multi-source Compositing:
 
4.1 -Composite Map Analysis:
 
4.1.1 	 Cellularizing physical resources such as soils, depth to water
 
and slope was easily accomplished through the use of coding
 
sheets and was the mechanism for transfering the data from
 
existing sources to digital form for inclusion with the Land­
sat results. The data components registered well with one
 
another and with 7 minute quadrangle. Data registration was
 
not a problem. When human resource information or census data
 
were added to the cellular program, limitations in its appli­
cation were found. The census data had rigid lines which
 
crossed all natural boundaries and did not contour well or
 
"fit" the previously composited data. At a scale of 1:24,000
 
"block statistics" rather than tract data would be more useful.
 
In rural areas only census tract data are available.
 
4.1.2 	A series of composites were made on the Santa Fe Quadrangle
 
and were designed to provide information for development activ­
ities in the area. Census, slope, soils, depth to water and
 
Landsat classifications were all used in the composite map
 
study. Figure 4 is a flow chart identifying the plan used in
 
compositing the data. Appendix 2 contains illustrations of
 
all base maps and several of the resulting composites. Priority
 
open space and potential development areas were resulting
 
products.
 
During early presentation of results it was found that com­
posite maps may contain levels of detail which make the
 
"readability" and therefore the usefulness of the map quite
 
limited. Unless the users are trained in understanding the
 
resulting computer products and are the ones asking the
 
questions of the data, there will be no satisfaction in the
 
output. The components must be limited so as not to confuse
 
the issues and the reader. Unnecessarily complex maps will
 
be made if a large number of land use classes are composited
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FIGURE 4. COMPOSITING PLAN
 
POPULATION DENSITY (2)

(by census tracts) SLOPE 
(4) SOILS (5) LANDSAT() HYDROLOGY
 
Open Space vs. Not
 
vs. Potentially Built Up

Developable
 
-2 	 Q@ 	 AvalableAvailable (8)
 
Aviabeotentially
 
aOpen Space Developable

SWgs sDOpen SClpacea
 
Prority Logical Com~binations.< 1Poenst a ter Weeloale 
Open Space AesWt ae el
 
Areas
 
Developable
 
~Areas Requiring
 
~Piped Water
 
)Map Number Reference In Appendix 3
 
O Weights Assigned To The Data Source During Compilation 
with other data files and each is then weighed. An example
 
of this can be seen in Appendix 2, "potential available open
 
space".
 
"Potential available open space" displays the result of soils
 
and slope limitations being intersected with Landsat clas­
sifications of built-up versus not built-up. The output
 
should indicate areas which are not now built upon but poten­
tially, because of soils and slope data, valuable for build­
ing. In the example the output has been separated into most
 
likely, likely, least likely, and unacceptable for development.
 
The display is now too complex and difficult to interpret.
 
4.1.3 	Except for soils information, conversion of map data to
 
cellular form was a rather easy task once the data to be used
 
had been converted to 1:24,000 scale. The soils information
 
required a scale change and adjustments in projection. No
 
difficulty was experienced, but the expense of photographic
 
adjustments was incurred. Problems are foreseen when large
 
areas at 1.1 acre levels are to be digitized. Distortions
 
in projection and boundary problems are experienced when
 
transferring data from one scale to another. If the cell
 
level were aggregated from 1.1 acres to 10 or 40 acre cells
 
we could gain flexibility and more accurate large area maps
 
could be made.
 
4.1.4 	Although CMS II has been purchased by the New Mexico State
 
Planning Office, difficulty is being experienced in bringing
 
the program on-line. Computer compositing has therefore been
 
performed by Los Alamos, using the G Map program. Entry and
 
compositing went smoothly and all products were quickly
 
received.
 
Several features, if added to the program, would enhance its
 
value to users. The flexibility in scale adjustments is
 
presently very limited. If cellular data could be entered
 
at 1.1 acres but be aggregated for output as 10 or 40 acre
 
cells as small scale maps and composites, it would eliminate
 
the need for recoding all the data when changing scales.
 
Another feature of interest would be a technique for input­
ting data at various scales without having to convert all map
 
information to a common scale before coding.
 
Greater assistance in getting CMS II on-line with an improved
 
instructional manual is also very important to the use of the
 
program.
 
4.2 Potential Role of Other Agencies:
 
4.2.1 	At the present time the principal agency in large area mapping
 
and the one with greatest concern for state wide information
 
is the State Planning Office. The Natural Resources Division
 
of the State Planning Office has purchased the program and
 
is now making early test runs. This office will be mapping
 
state resources at several scales and the composite capability 4
 
and the data updating capability may prove to be valuable
 
in the near future. Other state agencies, once they become
 
aware of the program's capabilities will be prospective users.
 
The Department Of Game and Fish and the Highway Department are
 
two such agencies. The Public Service Company of New Mexico
 
will be one industry which could have specific application
 
for composite mapping and has shown interest in the study.
 
4.2.2 	All agencies collect data within the state and several of
 
these have generated indexed files, but few have developed
 
banks of information. No group outside of the State Planning
 
Office seems to be concerned with establishing a mapping bank
 
of all data. Presently, information is gathered by going
 
to source organizations and this procedure will probably not
 
change in the near future.
 
4.2.3 	Data used in this project were those available and known to
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be easily accessed. No statement can be made on the avail­
ability, quality and frequency of data from state agencies
 
without examining in some detail recent activities and
 
responsibilities of those agencies.
 
5.0 Summary of Findings and Recommendations:
 
5.1 This demonstration project has shown some of the limitations
 
of satellite mapping in an urban environment typical of New
 
Mexico, as well as the possibility for large area uses of
 
monitoring range conditions. *Composite mapping provides an
 
excellent avenue for data manupulation in map form which
 
can respond to the specific questions of users. Since agencies
 
may or may not be interested in both satellite data and com­
posite mapping, the project has shown them to be quite useful
 
independently.
 
5.1.1 	Table 2 provides approximate costs for producing vegetation
 
and land use maps from both satellite data (statewide) using
 
visual interpretation, scale of 1:1,000,000 and high altitude
 
photography using visual interpretation, scale 1:126,720.
 
Further activities have shown vegetation mapping at 1 to
 
36,680 scale using visual interpretation of aerial photos
 
to be similar in cost to item B of Table 2 or about $1 per
 
square mile.
 
Map updating using aerial photography becomes quite expensive
 
when the photography is unavailable and must be acquired.
 
Satellite data in this respect is very inexpensive per square
 
mile. Application of digital techniques at large scale
 
(1:24,000) must be in the neighborhood of $1.00 per square
 
mile to be-competitive with present aerial mapping activities.
 
5.1.2 	Efforts by both the federal and state agencies to produce
 
data in Northwest New Mexico make it one of the major concerns
 
for planning. The gathering of resource information in the
 
Northwest has been initiated and satellite data will be used
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TABLE 2
 
TIME AND APPROXIMATE COSTS FOR PRODUCING
 
VEGETATION AND LAND USE MAPS FROM REMOTE SENSING IMAGES
 
Item A
 
New Mexico
 
(121,666 sq. mi.)
 
(1:1 million scale)
 
Image Interpretation 

Map Compilation 

Field Checking* 

Drafting** 

Item B
 
Socorro Area
 
(1200 sq. mi.)
 
(1:126,720 scale)
 
Image Interpretation 

Map Compilation 

Field Checking* 

Drafting** 

Level of Effort
 
MAN ($) TOTAL COST/SQ.
 
MONTHS COST MATERIALS COST MILE ($) 
.5 1150 300 1450 .01
 
.5 1150 50 1200 .01
 
2.0 4600 4600 .04
 
2.0 4600 150 4750 .04
 
5.0 12,000 .10
 
.12 200 75 200 .17
 
.05 80 25 200 .17
 
.25 400 400 .33
 
.32 400 20 400 .33
 
.74 1200 1.00
 
*Includes travel expenses and per diem
 
**Includes preparation of black plate, grey plate, color separation
 
plates, text editing, map editing
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in the inventory mapping and is now being studied for pos­
sible applications to change monitoring. Much of the map
 
information now being gathered could be tied into the com­
posite 	map system, but composite mapping lacks support in
 
this particular application. Proof of the value of composite
 
mapping in this situation has yet to be shown. The State
 
Planning Office, Los Alamos Scientific Labs and the Federal
 
Fish and Wildlife Service are involved to some dgree with
 
composite mapping in this area.
 
5.2 Recommendations for Interstate Collaboration:
 
5.2.1 	The Technology Application Center and the New Mexico Bureau
 
of Mines have been using satellite data for mapping at Level
 
I and Level II within New Mexico since 1973. Landsat data
 
have been, or are being, used to map vegetation and land use,
 
mineral resources, surface mines and their change, soil ero­
sion and surface water volumes. The composite mapping pro­
ject has proven of interest in the application of satellite
 
data and will be used as an example of automated classifi­
cation 	of land cover for a New Mexico environment. Landsat
 
will continue to be used directly or indirectly in application
 
projects performed by state and federal agencies.
 
6.0 Related Project Activities:
 
Mapping New Mexico Resources: Toward Better Management Through
 
Remote 	Sensing. Through this project new user agencies have
 
been contacted and the future applications of satellite and
 
composite mapping has been stimulated. Activities using
 
satellite data are being performed now that were not performed
 
before 	this activity began. Only some credit can be attributed
 
to this project for this stimulation, but contacts were made
 
and ideas discussed. Many state and federal groups have
 
recently gathered to jointly propose a follow-up Landsat-C
 
activity for the state, a listing of these people and organiza­
tions is enclosed, Appendix 3.
 
19
 
8.1 APPENDIX
 
Sample "V" forms used in the verification process.
 
FON V-2 LAND USE VERIFICATION State 
Quad
 
)Plot Z"' 
Land Use / Cover K Ok.e. P Crown Density of 
Divide area as -Trees and Brush 
needed and code Divide area same 
each portion. ?. - as Land Use plot. 
Use only codes Use peak of growing
from V-I list, season. Estimate 
plus "other - % coverage by trees 
unclassified" and brush, as seen 
(OU) 	 in full crown. 
Aspect and Slope 	 LANDSAT
 
classification
 
Divide area as --- -- - - of each 1.1 acre 
needed. Use only cell. 
the aspects: N, (flay be filled 
NE, E,SE, S, S,JW, ii _ 	 in later).
-a,) in
NW, L (level). 
Estimate slopes: 7/ .. 
0%,I0%,20%,etc. 
1. <,,, ,,. 
Notes on data sources used in verification:
 
Notes on problems of location or classification of plot:
 
ORIGINAL PAGE 16 
OF POOR QUAITj 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
2
 
roRil V-2 LAND USE VERIFICAT]ON State 
Quad 
Plot it' 
C-Land Use / Cover Y' 	 Crown Density of 
Divide area as \ 	 Trees and Brush 
needed and code V\13 tj ,zA Divide area same 
each portion. 
-' 	 Land Use plot.as 
Use only codes "r Use peak of growing
from V-I list, Cut..rOc eQ season. Estimate 
plus "other - % coverage by trees 
unclassified" 
 and brush, as seen
 
(OU) 
 in full crown. 
Aspect and Slope 	 LANDSAT
 
classification
 
Divide area as L of each 1.1 acre
 
needed. Use only 
__ cell.
 
the aspects: N, / (May be filled
 
NE, E,SE,S,SW,W,K in later).

NW, L (level). I L- ilae.
 
Estimate slopes: 
__ UV\U)t-,
 
0%,I0%,20%,etc.
 
Notes on data sources used in verification:7 fl ycm-cxt -
Notes on problems of location or classification of plot:
 
Notes on introducing LANDSAT cell data and making statistical comparison:
 
--
FORM V-2 LAND USE VERIFICATION State
 
Quad
 
Plot # 53/6 (& i' 
Land Use / Cover - Crown Density of 
"iid aTrees and Brush 
Divide area as
 
needed and code 
 Divide area same
 
as
each portion. Land Use plot.
 
Use only codes Use peak of growing 
from V-i list, season. Estimate 
plus "other - % coverage by trees 
unclassified" z and brush, as seen 
(Ou) ''in full crown. 
Aspect and Slope LANDSAT
 
A c So classification
 
of each 1.1 acre
Divide area as ­
cell.
needed. Use only 

the aspects: N, (May be filled
 
NE,E,SE,S,SW,W, in later).
 
NW, L (level). / 4-- -"
 
Estimate slopes: 

0%,10%,20%,etc.
 
Notes on data sources used in verification:

'I//-I 

Notes on problems of location or classification of plot:
 
OF 0oo0 QJALM 
Notes on introducing LANDSAT cell data and making statistical comparison:
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rowi v-2 LAIID USE VERIFICATION State
 
Quad
 
Plot f Zo? (t 
Land Use / Cover 
Divide area as
 
needed and code 

each portion. 

Use only codes 

from V-1 list, 

plus "other ­
unclassified" 

(OU) 

Aspect and Slope 

Divide area as L 

needed. Use only 

the aspects: N, 

NE,E,SE,S,SII,W, 

NI,, L (level).
 
Estimate slopes:
 
0%,I0%,20%,etc.
 
'I
 
i I\ 

Notes on data sources used in verification: -

Notes on problems of location or classification of plot:
 
Crown Density of

Trees and Brush
 
Divide area same
 
as Land Use plot.
 
Use peak of growing
 
season. Estimate
 
% coverage by trees
 
and brush, as seen
 
in full crown.
 
LANDSAT 
classification
 
of each 1.1 acre
 
cell..
 
(May -be filled
 
i
 
t)Iocert :-

Notes on introducing LANDSAT cell data and making statistical comparison:
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8.2 APPENDIX
 
Computer base and composite maps of the Santa Fe quadrangle.
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ABSTRACT
 
The Utah test area in this project was designed to represent the only heavily populated 
and rapidly urbanizing site in the six-state project. This test area is characterized by dynamic 
The principal environmental problem is urbanchange in relatively small parcels of land. 

encroachment upon prime and limited farmland along the Wasatch oasis. Additional problems
 
are the human impact on delicate canyon lands nearby, geologic hazards on the foothills 
(faulting, flooding, slumping); human encroachment on wildlife range, fluctuating water 
levels and water quality in Great Salt Lake, and increasing recreational, commercial, and 
All of thesc are typified in the Farmington quadrangle.industrial competition for the Lake. 
The project for Utah consisted of three facets (1) cooperating with FRMS and CSU in 
the computer classification of LANDSAT data tapes, (2) utilizing the on-campus capability in 
composite computer mapping (the RAP program), and (3) the development of on-campus All of these have beencapabilities in computer classification of LANDSAT data tapes. 

successfully accomplished, although many lessons learned need to be applied in a continuing
 We have takenrefinement of all these procedures as they relate to growing State problems. 
an important first step. 
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1 0 "THE PROJECT AREAS 
1.1 	 Attached as Figure I is the index map of four selected quadrangles, all located along 
The Wasatch Front in northern Utah. The four quadrangles (each at 1:24,000 scale) 
are (1) Tremonton, (2) Farmington, (3) Salt Lake City South, and (4) Dromedary 
Peak. The principal test quadrangle is Farmington. 
1.2 	 The Wasatch Front area was selected (by FIRMS) as representative of adynamic urban­
izing and quite densely populated area undergoing rapid change. The transition from 
irrigated agriculture to urban/industrial/transportation corridor uses isof great concern 
to planners in the area for three reasons: (1) loss of farmland, (2) scattered and uncon­
trolled development, and (3) encroachment into sensitive foothill areas threatened by 
flooding, faulting, and slumping. Foothill development further compounds the hazards 
of instability, threatening land and structures and seriously reducing big game winter 
habitat. 
The Tremonton quadrangle represents something of the antithesis of The Wasatch Front 
trend. Farms there are larger, the agricultural economy is prevalent, and the distance 
from 	urban clusters isgreat enough to reduce the threat of rapid change. This area was 
selected for these reasons, and to provide a larger field, more homogeneous environment 
in which to test the LANDSAT/computer classification technique. 
The Farmington and Salt Lake City South quadrangles are ideal examples of the rapidly 
urbanizing theme, with small field, changing land use conditions near Salt Lake City's 
core area. 
The Dromedary Peak quadrangle is the only representative of mountain environments 
It is typical mountainous northeastern Utah, with steep slopes, many aspects, and 
covered by a mixture of conifers, deciduous trees, brush, meadow, and bare rock. 
The only land use/land cover types common in Utah and not well represented in the 
selected quadrangles and test strip are sagebrush, pinyon juniper, and other semi-arid 
range environments. 
1.3 	 Farmington, as the test quadrangl6, represents the epitome of dynamic variety. In 
addition to all The Wasatch Front problems mentioned above, it includes an arm of 
Great Salt Lake, which itself is undergoing constant fluctuations in water level and 
economic/political battles for industrial, recreational, wildlife, and hydrologic demands. 
In addition, it is easily accessible from The University of Utah for field investigation 
and reconnaissance. 
2.0 	 LAND USE/COVER CLASSIFICATION 
2.1 	 Land use/cover categories identified for the Utah-, est are-shown in Figure 2. At the 
first level of generahation it resembles the USGS (Anderson) classification, as 
applicable to Utah. This isnot by design but by coincidence. Beyond the first level 
the classification was designed simply to represent the Utah test strip and tne State 
of Utah in general as well as could be identified in the test strip area. Subdivisions 
to second, third, and even fourth level were identified in some categories. Some of 
these detailed divisions were strictly experimental, but seemed to be appropriate in 
certain urban, agricultural, and forest areas. Classes and subclasses were identified as 
related especially to the patterns of changing land use. 
2 2 	 LANDSAT (B/W 18 x 18 inch enlargements by individual spectral bands) were of 
little value in training site selection or in verification. Exceptions to this occurred 
in water areas where fluctuating water levels made LANDSAT images (especially 
band 7) the only reliable source of ground truth for the 1974 date No other form 
of photography or ground truth was available. 
2.3 	 Supplementary sources for training site selection and for verification were mainly 
conventional B/W photography augmented significantly by field observation and 
( in the case of changing land uses) interview with land owners. In the Dromedary 
Peak quadrangle the principal verification device was a U.S. Forest Service manuscript 
map of vegetation types (whose existence was part of the reason for selection of 
that quadrangle). 
2.4 	 Visible forms misclassified as functional activity classes in the Farmington quadrangle 
include the following:
 
" chaparral (oak brush) misclassified as orchard*
 
* urban trees misclassified as orchard
 
" marsh misclassified as corn*
 
" dry marsh grass misclassified as wheat*
 
• 	freeway (concrete) misclassified as alkali/salt 
Those marked (*) above dropped out in the 10% threshhold classification. 
In the Salt Lake City South quadrangle, highways and railroads were most often mis­
classified as urban commercial (buildings and parking). Here, the visible quality of 
concrete, asphalt, and steel was "seen" by the satellite but classed as another function 
with possibly quite similar appearance. The puzzling thing isthat training sites were 
selected for highways and freeways, but few of them were so classified. 
Schoolgrounds show up as grassland on Salt Lake City South and Farmington maps 
(although sometimes as corn, sugarbeets, or other peculiar classes). 
3.0 	 LANDSAT DATA UTILIZATION 
3.1 	 Training site selection for ground truth. 
3.1.1 	 Training sites were selected using USGS quadrangle (1:24,000) and aerial 
photos (or CDIR film positives) in combination. The procedure was as 
follows: 
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a) 	 Laboratory. Zoom Transfer Scope transfer of field patterns from 
photo to quadrangle in the lab. This expedites significantly the next 
step in the field by making field patterns readily identifiable when 
on location. Not only are they readily identifiable in the field but 
their boundariesareaccuratelyandquicklyprescribed. Also field variations 
within the training site are easily observed and located. The photos 
and-color infrared film were absolutely indispensable for speedand 
accuracy. 
b) 	 Field: With the quadrangle clipped on this masonite board, and with 
photos in hand, two people cruised the quadrangle area in a four­
wheel drive vehicle, seeking out potential test sites for each desired class. 
Problems and pitfalls­
a) One problem not yet resolved is how much variation to allow (or 
seek) within each class - either within a given training field or from 
field to field within the class This question needs considerable 
attention to sharpen the computer classification capability. 
b) 	 One pitfall we encountered was the failure to pin down early and make 
firm our classification categories, subcategories, and symbology. 
These things were still evolving through our first and second quadrangles, 
and, consequently our manuscript map record is a bit messy and in 
some places confusing because of subsequent changes in symbology 
and classification. Next time we will do more of a trial run before 
recording and fixing classes and symbols. 
c), 	 Discrepant dates of photos and infrared film was a significant drawback. 
Where non-concurrent photography was used it doubled the field time 
involved in identifying the crop existing at the time of LANDSAT over­
flight. Farmers or landowners had to be sought out and interviewed. 
In nonagricultural, nonurban areas, where little change is occurring, of 
course, this was no problem. 
3.1.2 There is a basic and important need for standardization in training site 
selection. They relate to classification categories, variability, size of fields, 
skill and bias of the field investigator. Some concerns and guidelines are 
as follows: 
a) 	 Classification levels. These should-be developed in five steps ­
(1) pre-field tentative classification usingphotos, LANDSAT, thematic 
maps, and other available data utilizing the skills and knowledge of 
people familiar with the test area; (2) field reconnaissance across 
sample areas of all pre-selected classes to verify and/or modify classi­
fication categories and subcategories with the aid of all pertinent 
photography, maps, and data; (3) fmnalizing.symbolism, (4) laboratory 
application of Zoom Transfer Scope to transfer field patterns onto 
quadrangle as mentioned earlier; and (5) actual field site-selection with 
photos in~hand, placing finalized symbols into each training site 
b) 	 Decide on the issue of within class variability (during the field recon­
naissance phase mentioned above). This is a critical issue 
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c) 	 Decide on size and shape constraints on training site selection. 
d) 	 Decide (during the field'reconnaissance phase) on the,kind and amount 
of field note data to collect during-the.site-selection-phase. Questibn-s 
include terrain (slope and aspect); vegetation (form, species, and spatial 
variation possibly by stories); soil (character and degree of exposure); 
conditions of moisture (some statement of apparent or anticipated surface 
and/or subsurface moisture variability by season or year to year, 
depending on availability of data); and any other clue that may be 
helpful in instructing or understanding the computer and its product. 
e) 	 A must - make sure the field interpreter isfamiliar with the environment 
and very knowledgeable about the physical paremeters (species, crops, 
etc.) and nature of the MSS capabilities (what it-"sees" and doesn't "see"). 
f) 	 To eliminate bias, make sure the field interpreter has sufficient expertise 
across all the pertinent parameters of field factors and variation. If 
there isany question of this, more than one person, as needed, should 
be involved in order to insure uniformity and continuity across all classes 
and variable field conditions. 
3.2 	 Verification of accuracy of LANDSAT computer processed printmaps. 
3.2.1 	 Our verification procedure followed three paths: 
a) General occular examination. Each printmap was overlaid on the quad­
rangle on a light table. General-patterns of "hits" and "misses" were 
observed and-described, and the nature of the misses annotated in seeking 
a reason for the satellite's "confusion". In most cases the problem was 
asimilarity in visual form with comparable albedoes. Sometimes the 
confusion came from aclassification related more to actity than cover 
form. 
b) 	 Pre-selected test sites. For each quadrangle, we selected test sites while 
we were originally in the field selecting training sites. We so marked 
these test sites on our own copy of the quadrangle but left it off the 
quad sent to CSU for classification. This procedure is efficient inthat 
the test sites are easily identified and marked on the first round of field 
work. However, there is a built-in bias in that the observer's training 
and biases dictate the selection of test sites to aceftain extent. Further, 
those sites that are easiest to reach are selected. Further, there is a 
tendency to select rather uniform test sites of significant size rather 
than sites of small and variable character. For all these reasons, the 
percentage of "hits" is likely to be higher than from a random selection 
of test sites. 
- c) 	 Random test sites. Using the CSU generated random-dot overlay, we 
applied, with varying degrees of rigor, this system to three quad print­
maps. There are two disadvantages of this approach. (1) Many of the 
randomly selected test sites fall in unaccessible areas. Thus, there is 
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a built-in bias toward accessible sites. (2) The ten-acre cell (or any 
other size that may be used) may fall, and frequently does, in boundary 
areas where two or three or even four classes converge. Naturally, 
boundary conditions produce confusing signals unless field boundaries 
happen to be very sharp and pixels happen to fall on each side of the 
boundary rather than across it. Both-conditions are highly unlikely. 
In landscapes where spatial variation is intricate (as in most of'the 
Wasatch Front area) the percentage of success isbound to be i duced. 
The problems of verifying land use/cover types existing two years 
earlier has been significant in three of the Utah quadrangles due to 
year to year variation in (a) farm crop patterns, (2) rapidly expanding 
urban growth, and (3) highly fluctuating water levels in Great Salt 
Lake (Farmington quad). Good photography or color infrared helps a 
great deal - in fact, is essential. 
3.2.2 	 Evaluation and comments regarding the three methods of verification used 
follow. 
a) General occular examination The following computer identified classes 
match quite well the actual ground truth: water in general (and partic­
ularly deep water), old residential and new residential (with some inter­
mixing), and commercial. The following misclassifications are common: 
corn for cattail and bullrush, industrial for alkali or mudflat, wheat for 
wet grassland or corn, orchard for scrub oak or urban trees or scattered 
trees, alkali for concrete freeway, sugar beets for corn or other crops, cattail/ 
bullrush/ grass marsh for many land use and cover types (highly scattered). 
b) Pre-selected test sites Figure 3 shows a matrix of error analysis by 
pixel count in areas previously selected in the field as test sites. In 
large areas, rather than to count all pixels, we randomly selected 10­
acre cells for the data in Figure 3. In test sites smaller than 10 acres 
all pixels were counted. General clustering along the diagonal indicates 
afairly high percentage of correct classifications. It isevident that 
where errors occur they are in very similar classes - for example (refer­
ring to Figure 3) wheat for grasses, wet and dry grass confusion (wet 
grass and irrigated grass are intermixed and should have been grouped as 
one class), mud and alkali, intermixing of various marsh forms, old urban 
for new urban vegetated, commercial for industrial, and some variation in 
water depth classification. The over-all percentage of correctly classified 
pixels is50%. 
c) 	 Random test sites. Compared to pre-selected test sites there is a higher 
percentage of classification error, as expected (see section 3 2.1 ). The 
mean percentage of correctly classified pixels by class is43%. The over­
all percentage of correctly classified pixels is 33%. As mentioned in (b) 
,abovemuch of the error was in very similar forms of cover. To remove 
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this unnecessary hair-splitting, we have grouped like classes (such 
as marsh forms and wet grasses). See Figure 4. Confusion is thrown 
into the classification by allowing three.classcs-into the-statistics 
that either do not appear at all in the quadrangle or are virtually 
absent. There are no sugar beets, there isvirtually no wheat, and 
only a few acres of orchards. Yet all three of these symbols appear 
widely on the map, contributing greatly to the high percetitage of 
error. This problem suggests that training site statistics should be 
generated only within the quadrangle in question. Figure 5 shows 
the percentage of pixels failing into each box in the matrix. The 
highest percentages were: 
Water, deep 100%
 
Water, shallow 2 100
 
Alkali 82
 
Water, shallow 3 81
 
Water, shallow 1 66
 
Marsh 61
 
The lowest percentages were: 
Industrial 0% 
Grass, dry 0 
Corn 5, 
Residential, new 5 
Chaparral 11 
Grass, wet 21 
Commercial 33 
Residential, old 37 
Inthe randomly selected sites, industrial sites are misclassified as alkali, 
old and new residential. (Also, alkali isoften classified as industrial, as in 
the extreme NW corner of the map.) Dry grass iscalled orchard, marsh, 
and alkali. Corn iscalled grass, wheat, and other things. Residential new 
iscalled residential old. Chaparral iscalled dry grass, orchard, and residential. 
Wet grass iscalled dry grass, wheat, orchard, etc. Commercial iscalled 
old residential and marsh. Old residential iscalled orchard, marsh, and 
commercial. 
Alkali, wheat, and orchard absorbed much of the error for many classes, 
as isshown on Figures 4 and 5. On the other hand, no fields of sugar 
beets, orchard, or wheat were selected in the random site pattern, as 
seen on Figure 4 and 5. 
d" General occular examination of the Dromedary Peak Quadrangle. 
Four classes are generally classified correctly - bare rock, dense
 
fir, sparse douglas fir, and dense spruce. The most misclassified
 
categories are maple for aspen, spruce for fir and vice versa, wilt
 
grass commonly missed, and water missed altogether.
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e) 	 Pre-selected test sites. As most of the pre-selected test sites are very 
large, a semi-random choice of 54 10-acre cells was taken from the map, 
chosen to represent each class somewhat proportionally Over-all 
accuracy pixel by pixel is 53%, if the dense vs. sparse distribtuion is 
ignored. Holding to that distinction drops the accuracy to 49%. Also, 
in as much as we became somewhat unsure of the forest type maps 
for ground truth, we included data from training sites as well as test 
sites. Figure 6 shows the matrix of the classification for test site data 
only. The percentage of correctly classified pixels is41% Figure 7 
shows the matrix for training sites, where there are 62% correctly classi­
fied. Appendix B contains the verification form data. 
As a class, bare rock isalmost always correctly classified, the only misses 
occurring near shadowed peaks on north slopes where fir trees were 
symbolized. (This in fact may be correct ) White fir are generally well 
identified, as is evident from Figures 6 and 7, except where "sparse fir" 
was mistaken as bare rock for 25 pixels. Douglas fir isalso quite well 
represented on the diagonal in the figures, although some "sparse douglas 
fir" was mistaken as bare rock. Engleman spruce was fairly well classified 
although asignificant amount of "dense spruce" was mistaken for 
"dense fir" and some for "dense aspen" Aspen in general was poorly 
identified, appearing as fir, oak, spruce, and dry grass. Wet grass was 
almost entirely misclassified -as fir, dry grass, spruce, and aspen. None 
of the water surfaces in the quadrangle were picked up. 
f) 	 General occular examination of the Salt Lake City South Quadrangle. 
In broad categories the accuracy isquite good - residential as a group, 
commercial/industrial as a group, grasslands as a group, irrigated crops 
as a group, and bare surfaces as a group. Looking more closely at the 
subcategories, the general distinction between older and newer residential 
is good, although there isfrequent mixing between old and new 
(vegetated) and between new vegetated and new unvegetated Only 
the larger trailer parks were properly symbolized, with new vegetated 
residential symbols occurring in some trailer parks. On the other side of 
the coin, rarely do any of the four residential class symbols occur outside 
known residential areas. And, nearly all known residential areas, even 
very recent ones, are picked up as residential. Encouragingly, these 
newest of homesites are identified by the symbol for "urban residential 
new unvegetated" as a rule 
No distinction is made in the printmap between commercial and industrial. 
The same symbol isused for both, although distinct training sites were 
fed in. Taken together as a group, most commercial and/or industrial 
areas were picked up by the symbol, and very few areas outside the 
commercial or industral sites were misclassified as commercial/industrial. 
This class proves to be quite mutually exclusive, as does the residential. 
Grasslands in general are good. The general distinction between wet and 
dry grass isalso quite good. The three subcategories of wet grass are 
often intermixed and could be considered a single class. "Activity" 
grasslands such as golf courses, cemetaries, large school grounds, and parks 
and flood plain grasslands are generally well identified. Interestingly,
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the subirrigated grassland symbol quite well conforms to the Jordan River 
flood plain, being properly interrupted by residential forms, commercial/ 
industrial, and even by golf course areas on the flood plain (appearing as 
irrigated grass), and by the dry grass symbol on the drier site bluff slopes. 
This is a very promising set of distinctions. However, irrigated wet grass­
lands are overstated, often symbolized in crop areas in place of alfalfa and 
other crops. 
Gravel quarry surface are perhaps 70% properly represented; however, the 
symbol is too widely extended across a great deal of bare soil, overstating 
gravel quarry by perhaps 400% or more. The bare soil symbol sometimes 
creeps into gravel pits also. Alkali/salt flats are heavily overstated, occurring 
in virtually every category across the map. Obviously, surfaces of high 
albedo occur in many environments. The printmap indicates 3%for this 
category on the quadrangle, a figure that is perhaps 10 or 20 times too high. 
Also, on the negative side, cropland, transportation, and marsh are poorly 
stated. Although cropland in general is pretty good, sugar beets and corn 
are highly overstated at the expense of alfalfa, the dominant crop in the 
quadrangly by far. "Irrigated grassland" takes the plac of many known 
alfalfa fields. Many of these overlaps could be rectified by a weighting 
function. Dry farm wheat is pretty well represented, however, most of 
the fields were given as training sites. At least it isencouraging that this 
class symbol is not found outside the known area of dry farm land. Thus, 
the distinction between-dry farm and irrigated farmland isquite good. The 
canal lines can be traced by the distribution of dry farm wheat fallow, and 
bare soil symbols on the high side vs. the symbols for corn, sugar beets, 
and irrigated grassland on the low (even if most of these are actually 
alfalfa). There-are many promising aspect to this agricultural classification. 
The most poorly identified classes on the quadrangle are those of highway, 
railroad, river, and marshland. This is not to be unexpected. All of these 
are linear features, with varying but generally narrow widths. Nevertheless, 
this isdisappointing because some of these ribbons are hundreds of feet 
wide (especially the freeways) although their signatures as seen by LANDSAT 
are mixed (concrete or asphalt mixed with gravel shoulders and grassy 
side strips, etc.). A most puzzling feature is that the highway symbol 
ismore prevalent elsewhere than along major highways. More commonly 
highways are "seen" by the computer as commercial. The highway symbol 
is often seen along railroad tracks (more commonly than the railroad 
symbol by far), and in a few spots along boulevards, interrupting the more 
common commercial symbol. The railroad symbol occurs in puzzling 
packages in a few places, only rarely along a rail line, except in a major 
switching yard that was fed in as a training site. 
The two marshland symbols behave reasonably well along waterways but 
appear in a number of unexpected locations, some clearly wrong, others 
in need of thorough field checking. 
On the whole, the computer classification is highly encouraging. More 
detailed field work is needed to sort out precise answers, but it appears 
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that with some variable weighting of the statistics, computer mapping of 
this environment even at this detailed scale is very promising This is 
especially encouraging in that this quadrangle typifies (a) the small field 
size land pattern of the Wasatch Front and (b) the most rapid land use 
change due to urbanization in the Intermountain Region. 
A follow-up phase on this project should be attacked soon - first to 
refine the classification statistics, and then to monitor and perhaps 
forecast time/space change of land.use, with the hope of steering better 
land use decisions. 
3.2 3 	 Rather than V-i forms, we have utilized and presented the erroranalysis matrices 
in the previous section to better exhibit the error distribution See Figures 3, 
4, and 5. 
3 3 LANDSAT compared with other survey methods. 
3.3.1 	 Various other methods. Current methods of land survey approaching one-acre 
resolution are out of reason in terms of both cost and time, except for micro 
studies of limited spatial areas, such as CBD's Nothing approaching real time 
can be obtained in any other way than with LANDSAT. 
3.3 2 	 Practical problems. To be prepared by FRMS. 
40 MULTI-SOURCE COMPOSITING 
4.1 Composite map analysis 
4 1.1 Polygonal approach. Utah is.using a polygonal approach on a Calma digitizer, 
tape files therefrom to be applied in a new Resource Analysis Procedure (RAP) 
program developed by the Bureau of Economic and Business Research at the 
University of Utah This is a second generation beyond CMS, allowing input 
either as cells or polygons. 
4.1.2 	 Procedure and analysis. Utah selected the Farmington quadrangle as repiesentative 
" 	 Wasatch Front problems. The key issue addressed is "constraints to growth", 
especially urban - the most critical problem facing planners in the area. The 
factor maps include positie as well as restrictive parameters. 
Five factor maps dealing with natural hazard constraints or restrictions to 
development were digitized and composited from recent accurate field surveys 
prepared by the Utah Geological and Mineral Survey. The five are slope, 
elevation, flood potential, depth to water table, and susceptibility to corrosion 
of steel pipes in the soil. The degree of restriction decision to enter the com­
puter is arbitrary but generally reasonable and meaningful They are shown on 
Figure 8. "OK" means no risk. "Risk" and "High Risk" are the intermediate 
classes. "No" means no development should be allowed (without considerable 
precaution and generally at increased expense). The composite result is shown 
in Figure 9, a copy of the line printout. 
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An additional factor was added as a final filter-LANDSAT classified land use 
elements. This was introduced as a binary decision as "OK" or "no.build." 
The land uses selected as "no build" sites were arbitrarily chosen. They are. 
all croplands, all water surfaces and mud. The rationale.is-simply the-protection 
of active-cropland from further encroachment by urban and related uses. 
Water, marshlands, and mud surfaces were eliminated for obvious reasons. All 
other LANDSAT classified land uses were allowed for development, including 
chaparral, wet grass, dry grass, alkali fields and existing urban and industrial 
areas. 	 The resultant solution isshown as Figure 10. 
4.1.3 	 Problems. The main problems were (a)obtaining reliable factor map inputs of 
meaningful value as restrictive factors, (b) rationally weighting the degree of 
restrictiveness within and between factors, and (c)determining the degree of 
reliability of the LANDSAT-derived land use/land cover classification. 
4.1.4 	 Results. Assuming arespectable level of reliability of the above three problems, 
this process appeals to reason as a functional way of dealing with interacting 
and related physical processes that ought to be basic to the rational urban 
development formula. The convenience of interacting with the variables and 
weighting them within and between classes introduces adegree of flexibility 
unaccessible to the planner or decision-maker using conventional overlays for 
factor maps. 
If the final filter of land use/land cover can be successfully derived from LAND-
SAT with sufficient accuracy, this near-real time map of the land depicting 
recent and significant socio-economic elements into the decision-making proc­
ess could be asignificant breakthrough. LANDSAT, and associated software, 
isthe keystone to this success. 
4.2 Potential role of other agencies. 
4.2.1 	 Agency participation and interest. To this point such interest has been nil We 
have reason for hope, especially from the State Planning Coordinator's office, 
now "under new management." Recently the office sent (at our request) Megan 
Friedland to a Land Use/Remote Sensing conference at the University of North 
Dakota (with special permission from the Governor because of short term notice 
and through special effort of the new State Planning Coordinator in response to 
our urgent plea). That office has recently beefed up its planning orientation and 
capability with the addition of three such people recently. Most recently a 
design/computer oriented person (Paul Parker) has joined the staff and is to be 
at the September 13-14 meeting at State expense. At the FRMS meeting last 
winter, Milo Barney of the Department of Natural Resources was in attendance. 
Many other agencies are nowworking with the new Center for Remote Sensing 
and Cartography (CRSC) at the University of Utah. Recent NASA funding 
($200,000 grant) to CRSC has brought several municipal and county planners 
together in a research project on the Wasatch foothills, and on a Price River basin 
project with BLM and multi-county officials in southern Utah. It iscoming. 
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4.2.2 	 Mapping bank. A possibility,yet only little discussed by a few of us in various 
organizations and agencies. 
4.2.3 	 Possible inputs. Not articulated as yet. 
5.0 	 SUMMARY OF FINDINGS AND RECOMMENDATIONS 
5.1 	 Recommendations to the State of Utah. With the present FRMS project as a demonstration 
piece, we now have something concrete to lay on a desk in front of the "users". With 
follow-on support from NASA,there isa substannal chance now for first hand interaction 
and support (possibly even financial) from several state and federal agencies. 
5.1.1 	 Cost and efficiency. Our CRSC experince with BLM on a pilot project near 
Kanab last year convinced BLM to request money within their own budget to 
extend the study. For $8,000 worth of work we did a "range revegetation 
potential" and "hydrologic texture" map for them in a few weeks (using CDIR 
film) that would have cost a summer field season for their own crews. 
5.1.2 	 Administrative needs. Commitment, money and coordination. 
5.2 	 Recommendations for interstate collaboration. 
5.2.1 	 Common classification. Quite reasonable at first and second order levels. Sharing 
of design and of data highly desirable. 
6.0 	 RELATED PROJECT ACTIVITIES 
6.1 	 Spin-off values. 
6 1.1 	 This FRMS project helped us to get the other NASA grant. 
6.1.2 	 This project has raised our level of knowledge, skills, and confidence at 
CRSC significantly. 
6.1.3 	 This project has been used to help subsidize our own computer classification of 
LANDSAT data tapes. In the past three weeks we have turned out our first 
such products using the ELLTAB program from NASA. 
6.1.4 	 Publications are bound to follow (sooner or later, directly or indirectly) from 
this project. 
7.0 	 ACCOUNTING STATEMENT 
To follow 
-11­
8.0 APPENDICES 
A. Verification summary for Farmington quadrangle 
B. Verification summary for Dromedary Peak quadrangle 
C. USGS quadrangles used in the study, with training sites and test sites marked 
D. CSU generated printmaps 
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ABSTRACT
 
This project utilized ground truth obtained by Wyoming and
 
other states to "train" Colorado State University's computer
 
to classify LANDSAT data into land use/cover categories. The
 
land use maps thus generated were combined with other data
 
in a computer map compositing program to determine the limits
 
to urban expansion in Buffalo, Wyoming. The LANDSAT phase
 
of the project yielded disappointing results. A "blunder"
 
at some stage of the process is suspected and this stage is
 
currently being re-done. That such a mishap could occur
 
indicates the need for a sequential approach to collection
 
of training data and processing of LANDSAT information.
 
The map compositing was successful, but indicates a need for
 
higher quality output than that generated by the line printer.
 
. 1.0 THE PROJECT AREAS 
1.1 	The four Wyoming quadrangles selected for UANDSAT land-use de­
tection are: Acme, Buffalo, Hunter Mesa and lake de Smet West. 
Buffalo is the principal test quadrangle. All four quadrangles 
are located on Figure 1. 
1.2 	 Acme quadrangle is in gently rolling terrain, underlain by 
thick coal deposits. It is the site of an active open strip 
coal mine, one of the few in the Wyoming Project Area. This 
is the major reason for its inclusion as a test quadrangle, for 
the ability to monitor the change over time of coal mines and 
periphoral development is important to state and local planners. 
Riparian vegetation and agricultural land uses, as well as 
grazing areas, are present on the quadrangle. 
Buffalo quadrangle is in gently rolling terrain at the base of 
the Bighorn Mountains. It is the site of Buffalo, Wyoming 
one of two cities in the test area whose population exceeds 
500 (Buffalo's 1970 population was 3,394). Strippable coal 
deposites underlie portions of the quadrangle and coal mining 
is presently occurring some six miles north of Buffalo. As 
regional development proceeds (primarily because of increase 
in coal extraction and related technologies), it is expected 
that Buffalo will be heavily impacted. It was primarily for 
this reason that the Buffalo quadrangle was selected for in­
clusion in the study. Land uses in the quadrangle include resi­
dential, camrercial, agriculture, and grazing, as well as some 
riparian vegetation. 
Hunter Mesa is close to the Buffalo quadrangle, but is in the 
lower reaches of the Bighorn Mountains. It is wholely within 
Bighorn National Forest, is mostly wooded (lodgepole pine, 
Ponderosa pine, aspen), and contains some significant mountain 
meadows or "parks". The quadrangle was selected mainly be­
cause of the variety of forest covered available but also because 
one of the two major highways over the Bighorns (U.S. 16) 
crosses it. Thus, pressure for new recreational facilities 
on sites contained on that quadrangle is likely, as population 
increases in Buffalo to the east.
 
Lake de Smet, West, is to the north and east of nearby Buffalo.
 
This quadrangle covers much of Lake de Smet, a natural reser­
voir not far from the base of the Bighorns. It is in disected
 
table land, with low to moderate relief. The most extensive
 
land use is low intensity grazing, although irrigated culti­
vation does occur along some of the creaks that cross the quad­
rangle. It is likely that coal mining will soon take place 
along the margins of Lake de Smet: The quadrangle was selected 
mainly in order to obtain base-line land use information so 
as to better assess the changes to come. 
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1.3 	 It is expected that Buffalo will soon experience a population
boom unparalled in its history. In order to accarmodate this 
grow-h. -thetown will have to convert much of the land on its 
margins to urban land uses, but this is hampered by steep slopes 
to the northwest and state lands to the southwest. Additionally,
there are severe soil limitations associated with several 
creeks -hat flow through or on the periphery of Buffalo. 
Furthermore, rich coal beds and valuable gravel deposits under­
lie muon of the otherwise attractive developable land (owned by 
Carter il which has active strip coal mines elsewhere in 
Wyomin=): It is not at all clear that urban land uses are 
either wise or even possible here. In sumnary, while the expan­
sion cf Buffalo seems inevitable, there are many constraints 
to this grawth, which leads to vexing planning problems. 
2.0 	 LMD USE/CC"KIR CLASSIFICATION 
2.1 	 Wyomz----g entered into contract with FRMS/NASA somewhat later 
than Lm: the other states, and well after the "April 9" land 
use classification was developed. Because the April 9 list 
(see T_-ble 1) already contained the uses of major interest to 
the s-ate, that classification was adopted. The existence of 
this cassification in turn gave structure to the search for 
approzriate test quadrangles, in the sense that selection was 
guidec in part by the desire to include examples of as many
of the categories as possible. While Table 1 contains the 
categories of major interest, additional categories were
 
idenzified to provide somewhat greater detail for computer 
discrt-.-nation. The additional categories used for the Buffalo 
quadra_-Zle are listed in Table 2. 
2.2 	 The LADSAT black and white photo reconstructions were of 
lnmnne value in either initially finding examples of the 
land use categories or in verifying the later results. This 
was pr-ra-rily because better sources were available elsewhere, 
and these were used instead. 
2.3 	 During -he early phases of the project (siner and fall of 
1975), -he most useful source of land use information was a 
series of overlapping high altitude color IR photos of the 
projec- area, flown in 1973. These were made available to 
project personnel by the Geology Department, University of 
Wyormnan, along with the use of extensive equipnent in their 
Remote Sensing Lab. 
A series of black and white 1:24000 low altitude photos of 
the tes- quadrangle, flown by Mark Hurd in 1974, became 
availatie in January, 1976, and were another major source. 
These could be carried into the field, where knowledgeable 
locals, such as SCS, ASCS, and City-County Planner personnel 
could aid in determining land uses. 
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The determination of timber types and densities for the Hunter 
Mesa quadrangle was greatly aided by the use of maps published 
by the U.S. Forest Service. 
Sources of data for the compositing phase of the project are 
discussed below (Section 4.1.3). 
2.4 	 LANDSAT incorrectly identified a sparsely vegetated area of 
red buttes as industrial. This is probably because there is 
very little industrial land use in the project area, and what 
little there is consists mostly of bare land (for example, a 
lumberyard). In this case, then, the visible classification 
would probably be bare or disturbed land. Similarly, golf 
courses and fairgrounds, whose visible characteristics probably 
most closely resenble irrigated grasslands showed up in the 
grassy areas along creek bottoms. 
3.0 	 LANDSAT DATA UTILIZATION 
3.1 	 Ground Thuth Acquisition 
3.1.1 	 Ground truth was acquired by photographic interpre­
tation in conjunction with field observation, consul­
tation with knowledgeable locals, and examination of 
previously mapped data. Certain of the categories 
(such as water and marshes) could be determined from 
photo interpretation alone. Others (such as residential 
and ccmercial) were determined by photo interpretation 
and the principal investigator's knowledge of the 
specific sites. Early i the course of the investi­
gation various state, local and federal agencies were 
told of the project and their aid in selecting training
sites was solicited. The Bureau of Land Management 
and the U.S. Forest Service were of particular help, 
the former identifying certain of the training areas 
on 1:24000 USGS 7.5 quadrangles and the latter making
available at no cost tinber-type and -density maps of 
the Bighorn National Forest. All non-photogramnetric 
information was checked against the University of 
Wyoming Geology Department high altitude color IR 
photos, and was transferred to 1:24000 quadrangle by 
means of a Zoom Transfer Scope. The high altitude color 
IR photos supplied by NASA were of little help in this 
process, because they did not provide stereo coverage,

while the UW Geology Department's photos did. Had this 
better alternative not been available, the NASA photos
would have undoubtedly been useful. In the future, 
however, it is strongly reconmended that NASA provide 
stereo 	coverage.
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3.1.2 Man-time required for actual field work by project
personnel was on the order of one day or less. 
However, this figure grossly underestimates the actual 
time required to deteirmine ground truth, first because 
travel to and from the Project Area consumes two man­
days (by auto -- no flights available) and second,
because it ignores the photo interpretation component
and the contributions of non-project personnel. These 
factors considered, about five man weeks were required 
to collect ground truth for this study, a total area of 
over 4500 acres distributed over more than fifty
different sites with nineteen classes. This is equiva­
lent to 180 acres per man-day, an excessively costly

figure, but includes within it much time spent in 
training field personnel. 
3.1.3 	 Unquestionably, the existence of a manual for ground
truth work would have been valuable, and many man-hours 
would have been saved. Still, the biggest hurdle we 
had to surmount was the distance from the Project Area,
and other tine conmitments of project personnel, which 
greatly limited the opportunity for actual field work 
and forced reliance on other, perhaps sub-optimal, 
data collection methods. While on the subject of
ground truth, it should be pointed out that to the 
extent possible, we chose training sites that were on 
adjacent quadrangles, not the four test quadrangles 
prse. This was done so that as much of each test 
quadrangle as possible could be used to test the 
process, for a system which merely reproduces the in­
put data is essentially useless. While this strategy
introduces necessary rigor into the tests, it nay be 
that it complicates the collection of representative
data. This issue should be addressed and resolved in 
any future training material. 
3.2 Verification 
3.2.1 In order to determine the accuracy of the LANDSAT map
of Buffalo, we first compiled a land-use nap of the 
entire quadrangle. This was done by taking the Mark 
Hurd quad-centered 1:24000 BW low altitude photo to 
Buffalo where it was interpreted by SCS and ASCS 
personnel, by the City-County planner, and by spot
checks 	in the field, where necessary. These data were
 
then transferred to a 1:24000 topographic quadrangle
for comparison with LANTDSAT data at randomly selected 
sites. Because the Mark Hurd photos were flown in 
1974 (August 5), no problems resulted from the LINDSAT 
data being two years old at the time of verification. 
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3.2.2 	 Two of the most extensive land uses on the Buffalo 
quadrangle are irrigated grassland and grazing land, 
and the initial LANDSAT map provided us by CSU 
unfortunately used the same symbol for both categories. 
Hence, we could not distinguish these uses for purposes
of verification using the randomly selected sites. (An 
occular examination of a subsequent map provided by CSU 
indicates poor discrimination, a point returned to at 
the close of this section). 
Table 3 cross classifies actual land use against 
LANDSAT determined land use, for randomly selected 
sites on the Buffalo quadrangle. The highest percen­
tage successes are:
 
Deciduous forest 100%
 
Irrigated grassland

Grazing land 79%
 
Gravel 	pits 75%
 
The lowest percentage successes are:
 
Gulf course 0% 
Industry 0% 
Commercial 0% 
Cottonwoods 0% 
Water 	 0%
 
An occular examination of the low percentage successes 
indicates that the randomly selected site was "unlucky" 
in the case of the golf course: the actual and in­
ferred locations correlate with at least 90% accuracy. 
The water category was very successful on the Lake de 
Smet quadrangle, but the shallow margins of the lake 
were unclassified. Since on the Buffalo quadrangle all 
lakes are quite small (thus shallow), and the largest 
water body is a shallow sewage lagoon, it should perhaps 
cone as no surprise that LANDSAT "sees" water as un­
classified. The commercial areas in Buffalo are about 
one pixel to the right of where LANDSAT says they are. 
If this locational adjustment is made, then the percen­
tage success rises to 80% - 90%. In the case of cotton­
woods, it appears that a combination of "bad luckr -and 
s= t locational displacement caused the poor showing: 
when all cottonwood symbols are checked against the 
wooded areas along creek bottoms (the most likely lo­
cation for this land cover), the accuracy rate rises to 
approximately 80%. The most serious discrepancy is the 
industry category, which erroneously appears in many 
areas throughout the map. Possible reasons for this 
were discussed previously (Section 2.4) and will not be 
repeated here. The middle percentage success categories 
are:
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Residential 	 36%
 
Hay 	 30% 
Marshes 	 28% 
The accuracy for residential is rather low, apparently 
because of insufficient variability in the training
data. Turning the relationship around, if LANDSAT says a 
pixel is residential, then it actually is so about 60% 
of the time. About 15% of the time the actual land use 
is an interstate highway. (Other "residential" pixels 
are scattered at random over rangeland). H is much 
better discriminated than the randomly selected sites 
data indicates: In particular, a center-pivot irrigation
 
area stands out particularly well. Occular examination 
indicates this category to be 80% accurate or higher. 
While marshes, as an activity, are rare on the Buffalo 
quadrangle, as a land cover, they are easy to confuse 
with low-lying, poorlyidraied, cultivated fields. If 
one chooses to call these fields "marshes", then the 
actual success rate for this use iswell over 90%.
 
As was mentioned earlier, LANDSAT distinguishes poorly 
between irrigated grassland and non-irrigated rangeland.
This result is totally unexpected, because the distinc­
tion is obvious on the photo reconstructions of the 
LANDSAT data (in particular, Wyoming summer, band 7).A "blunder" is suspected at some stage of the process
and for this reason, we have commissioned CSU to re-do 
the Buffalo quadrangle. The revised accuracy figures
will be issued as a supplement to this Report when they 
are available.
 
3.2.3 Based on the foregoing considerations, the present 
percentage accuracy of each of the categories is:
 
Irrigated grassland ND* (low)
Grazing land 	 ND (low) 
Irrigated grassland 79% 
Grazing land 
Hay 	 80%
 
Alfalfa ND 
Industry 0% 
Sage ND 
Irrigated pasture ND
 
Gravel pit 	 75%
 
Residential 	 36% 
Yucca 	 ND 
Marshes 	 90%+
 
*ND: 	 Not determined (usually because no randomly 
selected sites had this use)
+ Assuming ls;-lying, poorly drained fields can be 
considered "marshes". 
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Cconerial 85% 
Fairground ND 
Golf course 90% 
Cottorwood 80% 
Ponderosa ND 
Deciduous 100% 
Bare soil ND 
Water 0% 
3.3 Comparison of LANDSAT with other Survey Methods
 
3.3.1 	Possible platform alternatives to LANDSAT are Skylab,
high altitude photography, and low altitude photo­
graphy, all of which give far better resolution than 
does LANDSAT. Skylab and high altitude color IR stereo 
photographs seem the most competitive in terms of
 
providing broad coverage. Since their costs are un­
known to the author, this factor cannot be compared with 
LANDSAT. 
Alternatives to digital processing include color
 
compositing and "real-time" digital systems such as 
the GE 	System 100. Marrs reported an accuracy of over
 
85% using the standard false-color mode of color corn­
positing and occular interpretationl; it is doubtful
 
whether the CSU system can improve significantly on
 
this, but it may achieve it faster or more economically
 
if done on a production basis.
 
Unfamiliarity with the GE System 100 precludes useful
 
comparison. However, an obvious plus for this system

is its "real-time" feature. If properly implemented,

this would allow one to gather training data sequen­
tially, at each stage gathering only that data which
 
contributes to the reduction of the "unclassified"
 
category. Since the collection of training data is
 
expensive, this strategy may significantly reduce the
 
costs of processing large areas.
 
3.3.2 	The following table estimates the cost per quadrangle

of field and office work associated with the collection
 
and coding of training and verificating data. It
 
assumes two round trips from Laranie to the Project

Area. 
For four quadrangles:
Salaries (11 man-days) $350 
Travel 270 
Overhead 200 
Total $82D 
IR. W. Marts, Special Report: Land-Use in the Moorcroft and Keyhole 
Reservoir Areas, Crook Coun, Wyoming, Rte sensing Laboratory, 
University of Wyoming, NAS 9-13298, August, 1975. 
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Cost per quadrangle 	 $205 
Lab processing by CSU 
Computer costs 200 
Salaries and overhead 445 
Total cost per quad 	 $850 
Presumably, great savings can be obtained by the econo­
mics of scale associated with processing more than four 
quadrangles, if the areas are similar. For example, it 
is reasonable to expect the collection and coding of 
training data to be as low as $50 per quadrangle for 
suitable areas. The economics of scale associated with 
computer processing large areas must be addressed by CSU. 
4.0 MULTI-SOURCE COMPOSITING 
4.1 Composite map analysis 
4.1.1 	 The map compositing system used in this project,
CMS-2, employs a cellular approach. While this is 
probably the most efficient computational method for 
compositing, it is suboptimal as regards 1) coding the 
input data; 2) storing the input data; and 3) changing 
from one scale and/or projection to another. In all 
these cases, polygonal input is superior. In terms of 
output display, the line printer has never been a very
effective device. Even so, the early SYMAP routines 
appear to be better than the more recent CMS-2. It is 
recnmended that funds be allocated to upgrade the 
display capability.
 
4.1.2 	 Buffalo is expected to undergo boom conditions because 
of nearby increased coal extraction, but the expansion 
of the town is hampered by several constraints. Map 
ccmpositing was oriented toward delimiting areas of 
similar severity of constraints. The input variables 
were: 
1) slopes (severe = slope > 12-15%);

2) soils (slight, moderate, severe limitations)
 
3) ownership (private = no limitations; extractive
 
industries = moderate limitations; public 
strong 	limits);
 
4) mineral deposits (none kncwn = no limits; sand 
and gravel = low moderate; coal = high moderate; 
sand, gravel, and coal = severe). 
5) flood prone area (severe = 100 year flood zone) 
6) existing land use (open grazing land = no 
limits; irrigated grassland, cropland, etc. = 
moderate limits; developed urban land uses, such 
as residential, ccmercial, industrial, parks, 
etc. = severe). 
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Weights within each category were assigned in accor­
dance with the severity of the limitation, using equal
intervals in the range 0-1. Unit weights were assigned
for each category, and the final composite represents
the algebraic sum, for each pixel, of all of the weights.
Figures 2-6 show the input data for the area of the 
quadrangle around the town of Buffalo. Figure 7 shows 
the composite and Figure 8 shows the corresponding area 
of the 	USGS Buffalo quadrangle. 
4.1.3 	 Soils information was not available for the entire 
quadrangle, but was so for the area of greatest interest,
namely, within 1-2 miles of the city limits. This data 
was provided by the City-County Planner's Office, and
had already been classified into slight-moderate-severe 
categories. Slope information was determined by project
personnel, from examination of USGS 1:24000 topographic 
quadrangles. Ownership data was provided by the City-
County Planner, minerals data by the Wyoming Geological
Survey (which also constructed a surficial geology map
of the quadrangle). Flood potential was determined by 
a consultant to the project from map and field data. 
Few problems of converting from primary sources to 
cellular format were encountered. However, this is a 
very time-consuming process; and takes longer than would 
polygonal input. It is recomnended that polygonal coding 
be used in the future (CSM-2 allows for this method of 
input). One minor problem is that of maintaining regis­
try on 	the various maps and coding forms. While this 
can be taken care of by the use of "registry lines" spaced
at intervals on each map, this slows up data transfer. 
A faster and therefore (probably) cheaper process would 
be to use dimensionally stable materials whenever 
possible. 
4.1.4 	 To offer any gains, computer compositing must offer 
riturn around. Thus in the future, it is likely
that Wyoming (and certainly its University) will use 
in-house hardware and software, rather than the CSU or 
Los Alamos facilities.
 
4.2 Potential Role of Other Agencies 
4.2.1 	 Many agencies and people have contributed actively to 
this project. Of particular note are: 
Mr. James Stephens
 
Soil Scientist
 
Buffalo, Wyoming
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Mr. Jack Booth
 
Forest Supervisor
 
Bighorn National Forest, USDA
 
Sheridan, Wyoming
 
Mr. Robert E. Wilber
 
District Manager
 
Bureau of Land Management, USDA
 
Buffalo Resource Area
 
Buffalo, Wyoming
 
Mr. Roy Breckenridge and Mr. Gary Glass 
Office 	of State Geologist
 
University of Wyoming
 
Laramie, Wyoming
 
Dr. Ronald W. Marrs 
Remote Sensing Laboratory

Geology Department
 
University of Wyoming
 
Laramie, Wyoming
 
Dr. James Ahl
 
Office of Land Use Administration
 
Cheyenne, Wyoming
 
Mr. Richard Douglas
 
Planning Director
 
Buffalo-Johnson County Planning Office
 
Buffalo, Wyoming
 
Mrs. Lenore Diem 
Chairperson, State Coordinated Mapping Program 
State Planning Coordinator's Office
 
Cheyenne, Wyoming 
Mr. John B. Keating, Jr. 
Bureau 	of land Management
 
Remote Sensing Application
 
Cheyenne, Wyoming
 
Ms. Mary Keating

Department of Economic Planning and Development 
Cheyenne, Wyoming 
In addition to the above individuals and agencies 
whose active participation is gratefully acknowledged, 
several people have indicated interest in the project.
These include several state and icoal government
officials and spokesmen for agricultural interests 
4.2.2 	 There is same possibility that Wyoming will institute 
a mapping bank to store and retrieve various physical, 
biological, social, and economic data. At this time 
it is unknown whether LANDSAT data will be a regular
input to this system. 
4.2.3 	 Availability, quality, and frequency of input data from 
other agencies is unknown. 
5.0 SUNMARY OF FINDINGS AND RECOMMENDATIONS 
5.1 Reconmendations to the State of Wyoming and agencies concerned 
with wide area land use/cover information collection and 
analysis: 
5.1.1 	 Discounting training of personnel, the present study 
cost about $850 per quadrangle, or less than three cents
 
per acre. Extended to a large area, it presumably
would be much cheaper. It is perhaps not unrealistic to 
expect 	 total costs per quadrangle to be as low as $100.
At this cost, the entire State of Wyoming could be land 
use/cover mapped at a resolution of about one acre for 
under $200,000. While admittedly there may be little 
reason 	to map such a broad area, there is great need to 
map the impact areas, notably the Powder and Green 
a River Basins. This could be done for well under $100,000.W Also, use of LANDSAT data allows for periodic monitoring
of rapidly changing areas. No other high altitude 
renote sensors at present have this feature. It is, 
therefore, recomnended that the State further pursue
LANSAT and automated land use/cover napping activities. 
5.1.2 	 Wyoming presently has a Coordinated Mapping Conittee, 
under the aegis of the State Planning Coordinator's 
Office. It is addressing the question of a statewide 
multi-source mapping bank. Such a bank would be of 
benefit to users in the Pcwder River Basin and Green 
River Basin, the major impact areas. 
5.2 Reconendations for Interstate Collaboration 
5.2.1 	 In this project, conan first order land use/cover
categories were used by ost of the states. Second 
order categories were in general unique to each state. 
In this project there was little value in using common 
first order classes. However, in those cases in which 
the same "natural area" is spread over two or more 
states, it is likely that in the future there will be 
some gain in using comnon first, second, and lower 
categories.
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6.0 RELATED PROJECT ACTIVITIES
 
6.1 	 While no papers or articles related to the project have as 
yet been written by project personnel, this will undoubtedly 
soon change. In particular, the Principal Investigator has 
begun a series of studies relating to computer determination 
of land uses using LANDSAT data. The procedure uses single
date 	sensing, only two video bands, and a table look-up
classification method. Computer time (XDS Sigma-7) is on the 
order of 40 seconds to process an entire 1:24000 quadrangle,
exclusive of planimetric correction. A sequential approach 
to collection of training data is being employed, as suggested
in 3.3.1, and thus far the results are astonishingly 
accurate: Comparison of the classifications made by this 
system with those of a human interpreter using LANESAT, Skylab,
and high altitude color IR supplemented with field data 
showed that for rangeland, deciduous, coniferous, water, and 
riparian-vegetation categories, the LANDSAT-ccnputer system 
was superior. It is inferior primarily in distinguishing
certain urban areas frnm certain bare lands categories. 
Work is also progressing on developing a computer program to 
display final results by using the Cal-Comp plotter rather 
than the line printer, but as yet, the program is not operational. 
7.0 	 ACCOUNTING STATf=l1T (PRELMINARY) 
Cost 	to University 
NASA Contribution 
PERSONNELL 
LAR $1896.00 $1600.00
 
Staff 4675.00
 
overhead 1444.90 2480.84
 
TRAVEL 
Test 	Sites 314.36
 
Meetings and Conferences 	 781.37 
EXPENDABLES
 
Maps, materials, etc. 	 681.48
 
OT=ER
 
Transfer of funds to CSU
 
for reprecossing Buffalo
 
quadrangle 
 647.00
 
TOTAL $10440.11 $4080.84
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Table 1.-- "April 9" Land Use Classification
 
Residential 

Industrial-commercial 

Deciduous forest 

Evergreen forest 

Mixed forest 

Grasslands, irrigated 

Grasslands, non-irrigated 

Cropland, irrigated
 
Cropland, non-irrig.
 
Brushlands
 
Marshlands
 
Snowfields
 
Barelands
 
Unclassified
 
Table 2.-- Land Use Categories for Buffalo Quadrangle
 
Residential 

Industry 

Commercial 

Fairground 

Golf course 

Cottonwood 

Other deciduous 

Ponderosa 

Irrigated grassland 

Irrigated pasture
 
Hay
 
Alfalfa
 
Open grazing land
 
Sage
 
Yucca
 
Marshes
 
Gravel pit
 
Bare soil
 
Water
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Table 3.-- Cross-classification of Actual and LANDSAT Determined Land Uses
 
LANDSAT Determined Use 
Actual Total 
Use G M GC H I CO R GP C D W Other # Cases %Success 
Irrig. grass 
Grazing G 465 9 - 15 28 1 2 9 - 56 585 79 
Marsh M 9 5 - 2 - - - - 2 18 28 
Golf course GC 7 - 0 - - - -
- 7 0 
Hay H 43 4 2 31 - - 5 18 103 30 
Industry I 3- - - 0 - - 4 7 0 
Cc mner'cial CO - - - - - 0 - 6 6 0 
Residential R 8 - - - 2 - 8 - - 4 22 36 
Gravel pit GP 2 - - - - - - 6 - - - - 8 75 
Cottonwood C 4 - - - - - - - 0 - - 1 5 0 
Deciduous D - - - - - - - 2 - - 2 100 
Water W 1- - - - - - - - 0 8 9 0 
*Cell values indicate number of pixels in category. 
* 0
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